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CHAPTER 1. 
INTRODUCTION 
k tremendous tonnage of agricultural byproducts is 
discarded annually. In the United States, these byproducts 
include sugar cane bagasse and pulp, potato peelings, 
vegetable and fruit pulp, grass seed straw, wheat straw and 
husks, rice straw and hulls, and corn cobs, husks, leaves, 
and stalks. 
Cereal grain represents a major source of agricultural 
byproducts; for instance, the production of corn grain in 
1978 was a record 7.08 x 10* bushels (198 million tons) (Crop 
Reporting Board, 1979). Approximately 55% (Kiesselbach, 
19 50) of the corn plant is not grain but agricultural 
byproducts, amounting in an average year to about 215 million 
to ns. 
These byproducts are composed of carbohydrate and non-
carbohydrate components. The carbohydrate components are the 
structural cell wall polysaccharides, primarily cellulose and 
hemicelluloses. These components vary according to the age 
and maturity of the plant when harvested. The major non-
carbohydrate component is lignin, which occurs in a 
relatively small proportion in comparison to the carbohydrate 
components. Host agricultural byproducts contain about 
20-50% cellulose and 50-80% hemicelluloses and lignin. Sugar 
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cane bagasse and wheat oc rice straw, for example, contain 
only about 25-40% cellulose and 60-75% heaicellulose and 
lignin (Cowling and Kirk, 1976), while corn cob contains 46% 
cellulose, 36% heaicellulose, and 16% lignin (Whistler, 
Bachrach, and Bowman, 1948). 
Cellulose, which is the most abundant and renewable nat­
ural resource, occurs in the primary and secondary cell walls 
of plants. It is a linear homopolymer of D-anhydro-
glucopyranose units linked by &-(1—>4)-glucosidic bonds 
with an average degree of polymerization (DP) of 10,000 
(Northcote, 1972). Cellulose present in plant cell wall is 
crystalline in nature; its crystallinity varies with the 
origin of the cellulose. This crystalline nature is 
reflected in the extreme insolubility of cellulose, which 
retards not only acid and enzymic hydrolysis but also the re­
moval of lignin and hemicelluloses interspersed throughout 
the cellulose structure. 
Hemicelluloses, the second most abundant cellulosic ma­
terial, are a family of linear and branched 
heteropolysaccarides of xylose, glucose, galactose, mannose, 
and arabinose, as well as uronic acids of glucose and 
galactose, linked by 0-(1—>3)-, g-(1—>4)-, and 
B-(1—>6)-glycosidic bonds. In contrast to cellulose, this 
group of polysaccharides has a low DP (200) and increased 
solubility, especially in alkaline solution, and is more 
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readily hydrolyzed. k further description of this group is 
presented later in this thesis. 
Lignia, the major noncarbohydrate component of 
cellulosic materials, is a complex aromatic polymer, very 
polydisperse but of extremely high average molecular weight. 
It is a polymer of phenylpropane formed by enzymatic 
dehydrogénation and subsequent nonenzymatic polymerization of 
oiidatively formed radicals of p-hydroxycinnamyl alcohols 
(Sarkanen and Ludwig, 1971) . The combination of lignin with 
partially crystalline cellulose that occurs in wood is one of 
nature's most chemically and biologically resistant 
materials. Many microorganisms are prevented from degrading 
the cellulose by this association of cellulose with lignin. 
These materials are not metabolized by humans, but their 
products of hydrolysis can be used as feedstocks by the 
fermentation industry (Seeley, 1976), for production of 
single cell protein (Humphrey, 1975) , and for other uses. 
Extensive research into hydrolysis of cellulose to glucose 
has been conducted for a number of years. These studies have 
revealed that chemical hydrolysis results in extensive degra­
dation of glucose, with yields of about 50-55% of the theo­
retical value (Harris, Saeman, and Locke, 1963; Grethlein, 
19 78) , due to the extreme conditions of high acid concentra­
tion and temperature (IX acid, 230-240OC). In addition, the 
enzymic hydrolysis of cellulose, which is catalyzed by a 
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family of enzymes known as the cellulase complex, is limited 
due to protection by lignin and the crystalline structure of 
cellulose. The enzymes involved in cellulose hydrolysis are 
3-1,4-glucan glucohydrolase, which removes single glucose 
units from the nonreducing end of the chain, &-1,4-glucan 
cellobiohydrolase (CBH), which removes cellobiose units from 
the nonreducing end of the chain, endo-6-1,U-glucanases, 
which act at random on internal linkages, and g-glucosidase 
(cellobiase) , which is highly active on cellobiose, 
cellotriose, and cellotetraose (Wood, 1975) . 
The major hemicellulose in cereal grain waste is xylan, 
a polymer of g-(1—>4)-linked xylose units with side chains 
of arabinose, galactose, glucuronic acid, and 4-0-methyl 
glucuronic acid units. Commonly occurring xylans are 
L-arabino-D-xylan, L-arabino-D-glucurono-D-xylan, 
4-0-methyl-D-glucurono-D-xylan, and L-arabino-4-O-methyl-D-
glucurono-D-xylan (Whistler and Richards, 1970). The main 
hydrolysis product of xylans is xylose, which, though not 
metabolized by humans, could serve as fermentation raw 
materials for the production of single cell protein (SCP) and 
glucose isomerase, an important enzyme in the sugar industry 
(Takasaki, 1966) • Moreover, the hydrogénation product of 
xylose, xylitol, is just as sweet as sucrose and presently is 
being used as a sweetener in chewing gum (Scheinin, 1976). 
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Most research on hydrolysis of heoicelluloses has been 
confined to acid hydrolysis, with the enzymic hydrolysis 
studied to a limited extent. In contrast to acid hydrolysis 
of cellulose, hemicellulosic fractions are readily hydrolyzed 
in yields as high as 85-90% by milder conditions than are re­
quired for cellulose. This process is, however, limited by 
the simultaneous occurrence of undesired side reactions, 
which give such products as acetic and formic acids, as well 
as small amounts of furfural (Nakhmanovich, 1958). In addi­
tion, acid hydrolysis is relatively nonspecific in that 
nearly all noncellulosic polysaccharides are eventually 
hydrolyzed, resulting in heterogeneous products requiring 
further purification. k potential advantage of enzyme 
hydrolysis is the formation of purer products, if pure 
enzymes acting on single substrates or single bonds can be 
economically employed. By combining several enzymes acting 
on a complex substrate, more of the product may be made 
available, and/or the equilibrium may be shifted by removal 
of a product (Sternberg, Vijayakumar, and Reese, 1977). 
The first step in the complete enzymatic hydrolysis of 
xylan is the liquefaction of the insoluble macromolecule to 
xylooligosaccharides and small amounts of xylan by a family 
of enzymes known as xylanases (Dekker and Richards, 1975a,b; 
Takenishi and Tsujisaka, 1975; Oguntimein et al., 1978). The 
resulting xylosaccharides are further hydrolyzed to xylose 
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and smaller xylooligosaccharides by g-xylosidase, the 
subject of this study. 
It is the goal of this thesis to evaluate the 
feasibility of employing g-%ylosidase in the enzymic 
hydrolysis of xylan. In order to achieve this goal, this 
study has been directed to three areas: 1) to find a simple 
and economical purification procedure which could give a 
fairly high specific activity of g-xylosidase in good yield 
and with little or no residual g-glucosidase activity; 2) 
to determine the engineering properties of soluble 3-xylo-
sidase; 3) to immobilize g-xylosidase and determine the 
engineering properties of the immobilized enzyme. This in­
formation can then be used to give a better evaluation of the 
feasibility of enzymic hydrolysis of xylan. 
Because of the variety of topics covered, this thesis 
will be organized into the following chapters: discussions of 
hemicellulose structure and glycoside glycohydrolases 
(Chapters 2 and 3) , purification, characterization, and 
immobilization of B-xylosidase (Chapters 4, 5, and 6), each 
with a separate literature, materials and methods, results, 
and discussion section, and a final discussion (Chapter 7). 
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CHAPTER 2. 
HENICELLULOSE STRUCTURE 
The name hemicellulose has been used over the years to 
designate polysaccharides extractable from plants by alkaline 
solution, but in recent years most workers have limited the 
term to cell wall polysaccharides of land and marine plants 
except cellulose, pectin, and glucans (Whistler and Richards, 
1970) . There have been a number of reviews on hemicellulose 
chemistry and biochemistry, including those by Polglase 
(1955), Roudier (1960), Schuerch (1963), Timell (1964, 1965), 
Whistler and Richards (1970), ftspinall (1970a), and most 
recently by Towle and Whistler (1973) . Hemicelluloses of 
woods and grasses have been the most widely studied, and 
these show tremendous variation in constitution and struc­
ture, both among species and within different tissues of the 
same organism. In contrast to cellulose, which has long been 
known to consist of linear (unbranched) homopolymers of 
3-D-(1—>4)-linked D-glucopyranose with an extremely high DP, 
averaging 10,000 (Northcote, 1972), hemicelluloses, with the 
exception of esparto grass xylan (Polglase, 1955), are 
heteroglycans, containing two to four and occasionally five 
or six different sugar and uronic acid residues (Whistler and 
Richards, 1970). They generally have low DP's, ranging from 
50 to 200 (Whistler and Richards, 1970). Some common sugars 
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that have been found in hemicelluloses are D-xylose, L-
arabinose, D-galactose, D-mannose, D-glucose, D-glucuronic 
acid, U-O-methyl-D-glucuronic acid, and D-galacturonic acid 
(Timell, 196%; Towle and Whistler, 1973). These sugars have 
in common structures which are glucose epiaers or 
modifications of glucose or glucose epiaers, as illustrated 
in Figure 1. Moreover, the relatively low molecular weight 
and the presence of some degree of branching, as well as the 
occurrence of charged uronic acid residues in many 
hemicelluloses, together account for the greatly increased 
solubility of hemicelluloses over that of native cellulose 
(Whistler and Richards, 1970). In fact, hemicelluloses are 
separated into two broad fractions based on their solubility 
in alkaline solution. The high molecular weight fraction, 
containing low amounts of D-glucuronic acid and precipitating 
when the solution is adjusted to pH 4.6, is referred to as 
hemicellulose &, while the low molecular weight and highly 
branched fraction containing a high proportion of D-
glucuronic acid is hemicellulose B (Towle and Whistler, 
1973). Donnelly, Helm, and Lee (1973) have shown that the 
hemicelluloses A and B in corn, which contains a very large 
amount of hemicellulose, occur in the approximate ratio of 
1:1, with some variation among the ten corn varieties tested. 
Hemicelluloses are named after the main components of 
the chain backbone and side chains, of which there are four 
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ÇHO 
H-Ç-OH 
HO-Ç-H 
HO-Ç-H 
H-C-OH 
D-galactose 
CHO 
H-è-OH 
HO-Ç-H 
HO-Ç-H 
H-C-OH 
àooH 
D-galacturonic 
acid 
HO-C-H 
HO-C-H 
H-C-OH 
H„OH 
D-mannose 
H-C-OH 
H-C-OH 
H-C-OH 
H.OH 
D-GLUCOSE 
ÇHO 
H-Ç-OH 
HO-Ç-H 
H-Ç-O-CH-
H-Ç-OH 
COOH 
4-0-methyl-
D-glucuronic 
acid 
H-C-OH 
HO-C-H 
H-C-OH 
H-C-OH 
D-glucuronic 
acid 
ÇHO 
H-Ç-OH 
HO—Ç—H 
HO-Ç-H 
CHgOH 
L-arabinose 
ÇHO 
H-Ç-OH 
HO-Ç-H 
H-Ç-OH 
D-xylose 
Figure 1. Structural interrelationship of commonly occurring 
hemicellulose component sugars. 
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principal groups: D-xylans, D-mannaas, L-arabinans, and D-
galactans (Roudier, 1960). Members of the latter two groups 
have also been classified as pectins (Aspinall, 1970b). 
D-Xylans 
D-xylans are the most abundant group of hemicelluloses 
in all land plants and in some algal species. In contrast to 
D-xylans of land plants, which are composed of only g-
(1—>4)-linked D-xylopyranose units, D-xylans of algal spe­
cies also contain g-(1—>3)-linked D-xylopyranose units. 
They are present as structural material in all land plants, 
making up to 30% of the wall material of annual plants and 
hardwoods and 7-12% of softwoods. Commonly occurring D-
xylans are L-arabino-D-xylan, L-arabino-D-glucuronoxylan, 
y-O-methyl-D-glucurono-D-xylan, and L-arabino-(4-0-methyl)-
D-glucurono-D-xylan (Towle and Whistler, 1973) . 
With the exception of xylan from esparto grass and some 
seaweeds, which are homopolymers of xylose, xylans are 
heteropolymers, containing in addition to xylose, L-
arabinose, D-glucuronic acid, 1-0-methyl-D-glucuronic acid, 
and D-galacturonic acid. L-arabinofuranosyl units are 
present as single residues or as initial residues in a side 
chain and are generally linked a-(1—>3) to a xylose residue 
of the main chain. In some cases, such as corn cob 
hemicellulose, further side chains of xylose units are 
attached to the arabinose branch points, linked a-(1—>2). 
11 
The U-o-methyl-D-glucuronic acid and the 3 -D-galactopyranose 
residues are present as nonreducing end units on the side or 
main chain. D-glucuronic acid residues occur as single side 
units linked a-(1—>2), and often contain an 0-aethyl 
substituent at the C-4 position. A hypothetical arabino-
glucuronoxylan structure for D-xylaas, illustrating the known 
modes of linkage, is shown in Figure 2. 
D-Mannans 
Members of this group, which includes D-mannan, 
D-gluco-D-mannan, and D-galacto-D-gluco-D-mannan, have been 
isolated from palm seed endosperm, fungi, yeasts, seaweed, 
and wood of angiosperms and gymnosperms. D-mannan of 
palmseed endosperm consist of linear chains of 3 -
(1—>4)-linked D-mannose units, giving an overall structure 
similar to that of cellulose. In contrast, D-mannans of 
yeast and fungal origin have side chains of up to three D-
mannopyranosyl units linked a-(1—>6) to the main chain of 
3-(1—>4)-linked D-mannose units. D-gluco-D-mannans consist 
of linear chains of g -(1—><4)'linked mannopyranosyl units 
randomly intermixed with glucose units. In hardwoods, the 
ratio of glucose to mannose is 1:2, while D-gluco-D-mannans 
of softwood contain a lower ratio of D-glucose to D-mannose, 
1:3, and a small amount of D-galactose. The D-galactose 
units present in softwood D-gluco-D-mannan are linked as 
single side chain units at the C-6 positions of D-
All xylosyl-xylosyl linkages 
are 3-(1^4). 
Galp-a 1 
+ 
2 
(Xylp) Xylp - ot 1 
m + 
2 
GlcpA-a 1 GlcpA-a 1 Araf-a 1 Araf-a 1 
+ + + + 
2 2 3 3 
Xylp-(Xylp)^-Xylp-(Xylp)-Xylp-(Xylp)-Xylp-(Xylp)-Xylp-(Xylp)^„„ -Xylp 
3 ^ 
+ h) 
Xylp-(Xylp) ,-Xylp-a(1-2)-Araf-a 1 
2 ® 
+ 
4—0—Me—GlcpA—a 1 
Xylp D-xylopyranosyl residue 
Araf L-arabinofuranosyl residue 
GlcpA D-glucuronopyranosyl residue 
4-0-Me-GlcpA 4-0-methyl-D-glucuronopyranosyl residue 
Galp p-galactopyranosyl residue 
Figure 2. A hypothetical xylan showing some of the observed structuralj 
characteristics (Towle and Whistler, 1973). ' 
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mannopyranosyl residues of the main chain (Toule and 
Whistler, 1973). 
L-Arabinans 
L-arabinans are mostly homopolysaccharides with a main 
chain of a-L-(1—>5)-linked L-arabinofuranosyl residues with 
single side stubs of a-(1—>3)-linked L-arabinofuranosyl 
units. A highly branched L-arabinan composed of only 
arabinose units has been isolated from mustard seed and wood 
of maritime pines. In contrast, L-arabinans of sugar beet 
contain a small proportion of a-(1—>3)-linked 
galactopyranOSy1 units. L-arabinans serve as both structural 
and plant food reserve materials (Aspinall, 1970b). 
D-Galactans 
This group of hemicelluloses is found associated with 
pectic materials in varying amounts in coniferous woods, 
larchwoods, and in the seeds of annual plants. Members of 
the group include D-galactan and L-arabino-D-galactan. 
D-galactans are composed of g -(1—>4)-linked 
galactopyranosyl residues with a small proportion of g -
(1—>6)-linkages within the same molecule. L-arabino-D-
galactans, on the other hand, are highly branched 
polysaccharides composed of a main chain of (1—>3)-linked 
3-D-galactopyranose units, each of which bears a substituent 
at the C-6 position. These substituents are two or three 
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(1—>6)-linked g-D-galactopyranosyl residues and a single L 
arabinofuranose unit or 3-0-g -L-arabinopyranosyl-L-
ar abinof uranose (Tovle and whistler, 1973). 
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CHàPTEB 3. 
PROPERTIES OF GLYCOSIDE GLYCOHTDROL&SES 
Glycosldases or glycoside hydrolases have been defined 
in the recent edition of Comprehensive Biochemistry: Enzvme 
Nomenclature (Florkin and Stotz, 1973) as hydrolases acting 
on glycosyl compounds and in some cases transferring glycosyl 
residues to oligosaccharides, polysaccharides, and other 
alcoholic acceptors. This group of enzymes was subdivided 
into those hydrolyzing 0-glycosyl, N-glycosyl, and S-glycosyl 
compounds, and vas given the enzyme commission numbers 3.2.1, 
3.2.2, and 3.2.3, respectively. According to Hehre, Okada, 
and Genghof (1973) , these enzymes belong to a parental class 
of enzymes whose action is glycosylation involving glycosyl-
proton interchange 
Glycosyl-OB • a•OH —> Glycosyl-OS* • ROH, 
and should be classified as glycosylases. The group of 
hydrolases acting on 0-glycosyl compounds includes enzymes 
acting on short chain oligosaccharides, examples of which are 
glucosidases, galactosidases, and xylosidases, and those that 
act on polysaccharides, which include amylases, xylanases, 
and cellulases. This latter group of enzymes has generally 
been referred to as glycanases. 
The enzymes being examined in this review are 
glycosidases which act on low DP (degree of polymerization) 
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glycosides from the noareducing end, releasing single 
glycosyl units. In addition, these enzymes are more active 
on oligosaccharides than on polysaccharides and henceforth 
will be referred to as glycoside glycohydrolases. This 
systematic name, which has been used in Comprehensive 
Biochemistry (Florkin and Stotz, 1973) , is fairly appropriate 
in that these enzymes hydrolyze glycosides and release single 
glycosyl residues. 
The classification of glycosidases has been attempted by 
various authors. In 1961, Jerymn classified glycosidases 
into two groups based on the location of the glycosidic 
linkage hydrolyzed. Those acting on terminal glycosidic 
linkages were called exoglycosidases, while those acting on 
internal linkages were referred to as endoglycosidases. 
Beese, Maguire, and Parrish (1968), in a report on compara­
tive investigation of glucosidases and exo-glucanases of 
fungal and plant origins, proposed a classification scheme 
for the characterization of these enzymes that employed 
differences in linkage specificity, effect of DP on 
hydrolysis rate, configuration of the anomeric hydroxyl of 
the hydrolysis product, effect of lactone as an inhibitor, 
and extent of transfer of glycosyl groups to acceptor 
molecules other than water. Barras, Moore, and Stone (1969), 
in a review on g-glucan hydrolases, used the same 
characteristics to classify all enzymes acting on 
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0-glucosidic linkages into four categories, namely aryl-
3-glucosidases, 3-glucosidases ( g-glucoside 
glacohydrolases) , 3-exo-glucanases ( 3-glucan exo-
hydrolases), and 3-endo-glucanases ( 3-glucan-endo-
hydrolases). This classification extends that of Reese, 
Naguire, and Parrish (1968), further subdivides the two 
classifications of Jerymn (1961), and would seem applicable 
to the whole group of enzymes acting on O-glycosyl compounds. 
A summary of the criteria used to differentiate glucosidases 
from exo- and endo-glucanases based on the reports of both 
Reese, Maquire, and Parrish (1968) and Barras, Moore, and 
Stone (1969) is shown in Table 1. 
This literature search will be devoted to determining 
whether these criteria for determining a glucosidase can be 
employed to define a larger class of glycosidases, called 
glycoside glycohydrolases. Special stress will be placed on 
3-xylosidases from different sources. 
Glycon and Aglycon Specificities 
Kersters-Hilderson et al, (1969) have shown that 
Bacillus pumilus 3-xylosidase exhibits absolute specificity 
for the 3-D-xylopyranoside configuration. Substitution or 
inversion of the glycon moiety resulted in complete loss of 
activity on the substrate, only aryl-3 -D-xylopyranosides and 
g-(1—>4) linked xylosides being hydrolyzed, the latter from 
Table 1, 
Classification of enzymes hydrolyzing glucosidic linkages 
Criteria 
Glucosidase 
(Glucoside gluco-
hydrolase) 
Exo-glucanase 
(Glucan exo-hydro-
lase) 
Endo-glucanase 
(Glucan endohydro-
lase) 
Specificity for: 
Linkage position 
Glycosyl residue 
Aglycon 
Low 
High 
Low 
High or Absolute 
High 
High 
High or ibsol. 
Absolute 
High (variable) 
Effect of DP of 
oligomer on hydrolysis 
rate 
Di>Tr i>Tetra» 
Penta 
Polymer>>Penta> 
Tetra>Tri>Di 
Little or no 
activity on Di 
Polymer>>Hexa> 
Penta>Tetra>Tri 
No activity on 
Di 
Configuration of anoaeric 
hydroxyl released 
Configuration 
retained 
Configuration 
inverted 
Configuration 
retained 
Transferase activity + ± ± 
Configuration of transfer 
product 
Retained Retained Retained 
Specificty for transfer 
acceptor 
Variable ? High? 
Inh ibit i on by 1,5-
gluoonolactone 
High Low Not Inhibited 
19 
the nonredocing end. Host of the glycosides and 
monosaccharides in the pyranose configuration inhibited 
enzyme activity, but pentosides were stronger inhibitors than 
hexosides. & high affinity for phenyl- 3-D-ribopyranoside 
and ribose was observed, and replacement of the anomeric oxy­
gen by sulfur led to complete loss of substrate activity but 
resulted in the formation of a competitive inhibitor. 
A. niqer 3-xylosidase, on the other hand, showed strict 
specificity requirements only at C-2 and C-3 of the g-D-
xylopyranosyl moiety. Inversion of the hydroxyl at C-4 
lowered the enzyme-substrate affinity, while substitution at 
the same carbon atom led to loss of activity and inhibition 
when the enzyme was acting on other substrates. Specificity 
at C-5 was somewhat lower, since p-nitrophenyl-g -D-glucoside 
and p.-nitrophenyl- g -D-guinovopyranoside were hydrolyzed 
(Claeyssens et al., 1971). Substitution of the anomeric oxy­
gen by sulfur resulted in the formation of competitive 
inhibitors (Kersters-Hilderson et al., 1 970). When strong 
electron-withdrawing groups were introduced into the aryl 
aglycon, the thioglycosides were hydrolyzed. This enzyme was 
also found to be specific for the pyranose ring (Claeyssens 
et al.. 1971). Aglycon specificity of A. niqer g-xylosidase 
was guite low, since a wide variety of g-D-xylopyranosides 
(phenyl, methyl, benzyl, and substituted phenyl) and short 
chain xylooligosaccharides were hydrolyzed (Claeyssens et 
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al., 1971; Takenishi, Tsujisaka, and Fukumdto, 1973). 
Kersters-Hildersou et al. (1970) found that the rate of 
hydrolysis of n-alkyl-l-O-g-D-xylopyranoside increased with 
the number of carbon atoms (methyl to octyl), the butyl de­
rivative giving the maximum rate. The corresponding thio 
derivatives were not hydrolyzed, but the inhibition constants 
decreased with increasing chain length. The authors conclud­
ed from these results that the interaction between the 
aglycon and active site is of a hydrophobic nature and is 
rather unspecific. 
Deleyo et (1978) have also shown that g-xylosidase 
from Pénicillium wortmanni exhibited similar glycon and 
aglycon specificity as the ^  niaer enzyme, except that the 
Pénicillium enzyme did not hydrolyze p-nitrophenyl- g-D-
glucopyranoside. A &-xylosidase from Halbranchea pulchella 
with aglycon specificity similar to the Bacillus pumilus 
enzyme was recently studied by Matsuo, Yasui, and Kobayashi 
(1977b). The enzyme hydrolyzed the aryl-3-xyloside, but 
showed no activity on alkyl- g-D-xyloside or the thiol aryl-
g-D-xyloside. 
The B-xylosidases from ^  niger and P^, wortmanni show 
high glycon but low aglycon specificity, typical of glycoside 
glycohydrolases, while the g-xylosidases from pumilus and 
Halbranchea pulchella exhibit both high glycon and high 
aglycon specificities, more typical of exo-glycanases. 
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Hallenfels and Weil (1972), in a review on g-
galactosidases, found that these enzymes were specific for 
the g-D-pyranose ring. Substitution at c-2, C-3, C-U, and 
C-6 by groups bulkier than hydroxyl groups prevented binding 
of the galactoside to the active site. Substitution at C-5 
by residues smaller than the hydroxymethyl group allowed 
hydrolysis, since a-L-arabinosides and g-D-fucosides were 
accepted as substrates. C-2 hydroxyl was believed to be es­
sential for hydrolysis, because 2',4'-dinitrophenyl-2-
deoxy-2-chloro-3-D-galactoside was not hydrolyzed but acted 
as an inhibitor. As with g-xylosidase, replacing the 
glycosidic oxygen of g-D-galactoside with sulfur resulted in 
a dramatic decrease in the rate of enzymic hydrolysis. 
Alkyl-g -D-thiogalactosides and phenyl-g -D-thiogalactosides 
were not hydrolyzed, although binding of these compounds to 
the enzyme was not impaired. Introduction of electron 
withdrawing substituents in the aromatic ring resulted in 
hydrolysis (Wallenfels et al., 1964). The alkyl-0-g -D-
galactoside series showed a progressive decrease of the 
Michaelis constant with increasing chain length, but no cor­
responding increase in maximum velocity, which remained con­
st ant. 
Dey and Pridham (1972), in a review of a-galactosidase, 
reported that the pyranose ring in the a-configuration was 
essential for activity, and that the configuration at C-1, 
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C-2, C-3, and C-U must not be changed from that of a-
galactose. The relative rate of hydrolysis of alkyl- a-D-
galactopyranoside also increased with the number of carbon 
atoms, while the Hichaelis constant decreased, a-
Galactosidases from human and pig kidney have been shown to 
hydrolyze p-nitrophenyl-a -D-fucopyranoside, which is struc­
turally similar to p-nitrophenyl- a-D-galactoside 
(Weiderschain and Beyer, 1977). 
De Prijcker, Vervoort, and De Bruyne (1974) found that 
a-mannosidase from Bedicaao sativa showed a strict require­
ment for the D-mannopyranosyl moiety for binding the 
substrate and the a-configuration for its breakdown. Glycon 
specificity studies also revealed strict specificity 
requirements at C-3, C-U, and C-5, where neither substitution 
nor inversion was allowed. The requirements at the C-2 posi­
tion were less rigid, as phenyl- g-D-glucopyranoside and 
cellobiose were inhibitors but not substrates. 
a-L-fucosidase was specific strictly for a-L-fucose in 
the pyranose configuration (Bahl, 1970; Kochibe, 1973; 
Nishigaki et al., 1974; fieglero and Cabezas, 1976; Beyer and 
Weiderschain, 1977; Alhadeff and Janowsky, 1977; Dawson and 
Tsay, 1977). Substrate activity was destroyed by substitu­
tion at any of the carbon atoms. The aglycon specificity of 
a-L-fucosidase varied with source, niger a-L-fucosidase 
(Bahl, 1970) was strictly specific for the galactose aglycon 
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moiety* while o-l-fucosidases from the marine gastropods 
Charonia lamoas and Turbo cornatus (Nishigaki et al., 1974) 
and human brain (Alhadeff and Janowsky, 1977; Dawson and 
Tsay, 1977) were less specific, tolerating galactose, N-
acetylglucosamine, and 4-aethylumbelliferyl at the aglycon 
position. 
Nisizawa and Hashimoto (1972) reported that almond 
emulsin g-glucosidase showed strict specificity at the C-2 
glucopyranosyl glycon moiety, while the reguirement at C-6 
was lower, since g-D-glucosides substituted at C-6 by F, Cl, 
Br, OHe, or I were hydrolyzed at rates that decreased in that 
order. Aryl-thio-g -D-glucopyranosides were hydrolyzed only 
in the presence of stong electron attracting groups on the 
aglycon. The rate of hydrolysis of N-alkyl-3-D-
glucopyranosides was also reported to increase with increas­
ing number of carbon atoms up to about seven. @-Glucosidases 
with strict aglycon specificity for aryl groups have been 
isolated from plants as well as fungal sources. These 
enzymes, sometimes referred to as aryl glucosidases, show 
little or no cellobiase activity (Lusis and Becker, 1973; 
Hosel and Barz, 1975; Rodionova et al., 1977). 
With the exception of a-L-arabinofuranosidase, which 
has been shown to be specific for cx-L-arabinofuranose 
(Tagawa, 1970a; Hatheson and Siani, 1977; Tanaka and Ochida, 
1978), most glycoside glycohydrolases are specific for the 
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glycon moiety in the pyranose configuration. They are active 
for only one type of aaooeric configuration, as no enzyme is 
able to act on both a- and g-linkages. The requirement at 
C-6 of the glycon moiety is less strict than that of other 
positions, substitution for the hydroxyl group being allowed, 
but the rate of hydrolysis decreasing with decreasing size of 
the substituent group. In addition, the aglycoa specificity 
is comparatively low. However, a-fucosidases from jU i^iger 
(Bahl, 1970) and Bacillus falainans (Kochibe, 1973) are spe­
cific for galactosyl units in the aglycon position. 
Linkage Specificity 
According to Reese, Naguire, and Parrish (1968), 
glucosidases are relatively less specific than exo-glucanases 
for the location of the linkage between glucosyl units. 
The 3-xylosidase of Aspergillus orvzae has been shown to 
hydrolyze both B-(1—>U) - and g-(1—>3)-linked 
xylooligosaccharides, while the g-xylosidase from Chaetomium 
qlobosum is highly specific towards the g-(1—>3) form 
(Fukui et al«» I960) and Malbranchea 3-xylosidase is specif­
ic for g-(1—>4) xylooligosaccharides, showing no activity 
on either 3-(1—>2) or g-(1—>3) linkages (Hatsuo, Yasui, 
and Kobayashi, 1977b) , 
Invertases are generally specific for the g-(2—>1) 
fructosyl linkage in sucrose ( a-D-glucopyranosyl- g-D-
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£ructofuranoside) (Negoro and Kito, 1973 ; Dixon and Fogarty, 
1974) . Similarly, trehalase has been found to be active only 
on the a- (1—>1) linkage of trehalose ( a-D-glucopyranosyl-
a-D-glucopyranose) (Lefebvre and Ruber, 1970; Dahlman, 1971; 
Mclnnis and Domnas, 1973; Sazajima et al., 1975; Talbot, 
Muir, and Huber, 1975), Dahlman (1971) observed that the 
trehalase from tobacco hornvorm larvae was active on sucrose, 
maltose (4-0- a-D-glucopyranosyl-D-glucopyranose), and meli-
zitose (0-a-D-glucopyranosyl- (1—>3)-O-g-D-fructopyranosyl-
(2—> 1) - a-D-glucopyranose) to a limited extent. However, 
the presence of invertase and glucosidase was not ruled out. 
a-Glucosidase from flint corn hydrolyzes maltose, 
nigerose (3-0- a-D-glucopyranosyl- a-D-glucopyranose), and 
isomaltose (6-0- a-D-glucopyranosyl-D-glucopyranose). The 
relative rates of hydrolysis were 100, 105, and 10, respec­
tively (Chiba and Shimomura, 1975). Takahashi, Shimomura, 
and Chiba (1971) have also shown that a-glucosidase from 
rice seed hydrolyzes maltose, kojibiose (2-0-
a-D-glucopyranosyl-D-glucopyranose), nigerose, and 
isomaltose. The order of the relative rates of hydrolysis 
was maltose > nigerose > kojibiose > isomaltose (Takahashi, 
Shimomura, and Chiba, 1971). The neutral a-glucosidase from 
pig serum (Chiba, Hibi, and Shimomura, 1976) hydrolyzed 
maltose, nigerose, kojibiose, and isomaltose at the following 
rates: 100, 89, 33.3, and 114, respectively, while 
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a-glacosidase from Bacillas cereus hydrolyzed maltose and 
nigerose at the relative rates of 100 and 63, with trace ac­
tivity on isoaaltose (Yamasaki and Suzuki, 1974). 
a-Glacosidase of Saccbaromvces logos exhibited a similar 
hydrolysis rate as the pig serum enzyme, the relative rates 
of hydrolysis of maltose, nigerose, kojibiose, isomaltose 
being 100, 31. 2, 27.5, and 20.8 (Chiba, Saeki, and Shimomura, 
1973) . Hatsusaka, Chiba, and Shimomura (1977) have isolated 
three kinds of a-glucosidase from brewer's yeast, one of 
which is highly specific for isomaltose ( a-glucosidase I) 
and the other two which hydrolyze turanose (3-0-a-D-
glncopyranosyl-D-fructose), sucrose, maltose, and nigerose, 
in decending order of rate. 
Budick and Elbein (1973, 1975) isolated two g -
glucosidases from ^  niger. The low molecular weight enzyme 
hydrolyzed laminaribiose (3-0- 3-D-glucopyranosyl-D-
glucopyranose), sophorose (2-0- 0-D-glucopyranosyl-D-
glucopyranose) , cellobiose (4-0- g-D-glucopyranosyl-D-
glucopyranose) , and gentiobiose (6-0- g -D-glucopyranosyl-D-
glucopyranose) at relative rates of 100, 51, 2.5, and 1.7, 
respectively, while the high molecular weight enzyme 
hydrolyzed cellobiose and gentiobiose at relative rates of 
100 and 77, respectively. In contrast, g-glucosidase of 
Pi a VP bac te ri um weis highly specific for the g-(1—>6) linkage 
in glucooligosaccharides (Sano, Amemura, and Harada, 1975). 
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o-Galactosidase from Streptomvces 9 917S2 hyârolyzes the 
a-(1—>3)-galactosidic linkage at the noareduciag terminal 
of a blood group mucopolysaccharide as well as a-(1—>6) 
linkages in melibiose and raffinose (Oishi and Aida, 1972). 
Li et al» (1975) observed that B-galactosidase of jack 
bean meal hydrolyzed 0-3-Gal-(1—>6)-GlcN&c, LacNAc-0-
e-Gal-(1-->U)-GlcNac, 0-B-Gal-(1—>3)-GlcNàc, 0-
g-Gal-(1 — >4)-glc, 0- & -Gal-(1—>6)-Man, and 0-
3-Gal-(1-->6)-ManHAc at the relative rates of 100, 75, 1, 42, 
19, and 10, while the ^  coli 3-galactosidase hydrolyzed the 
first four substrates at the relative rates of 100, 55, 92, 
and 100 (Li et al., 1975). The specificities of the two 
enzymes toward & - (1—>3) linkages were also different. In 
contrast to jack bean 3-galactosidase, bovine testes 
galactosidase hydrolyzed 0-3 -Gal-(1-->3)-GlcNAc faster than 
the 3-(1—>4) isomer, with the 3~(1—>6)-linked isomer 
being hydrolyzed at the lowest rate. The relative rates were 
100, 80, and 3.5, respectively (Distler and Jourdian, 1973). 
Wallenfels, Lehoann, and Malhotra (1960) had earlier observed 
that 3-galactosidase from coli ML 30 9 also cleaved the 
lactose isomers in the following order: 3"*(1—>6) > 
3-(1—>4) > 3-(1—>3) > 3-(1—>1) (relative rates of 100, 
77.U, 30.7, and 28.3), while the order was reversed for the 
0-a -L-arabinosyl-glucose isomer: a-(1—>3) > a-(1—>4) > 
a-(1—>6) (relative rates of 100, 16.4, and 7.1). 
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Two a-nannosidases with different linkage specificities 
have been isolated from Aj. niaer. One was highly specific 
for a-(1—>2)-mannosyl linkages in addition to exhibiting 
strict aglycon specificity for the mannosyl moiety 
(Swaminathan et al., 1972), while the second was less specif­
ic and hydrolyzed a-(l—>4)- and a-(1—>6)-mannosidic 
linkages to adjoining mannose or N-acetylglucosamine 
residues; low activities were expressed with 2-0-a - and 3-0-
a-D-mannobiosides (Hatta and Bahl, 1972). Hultberg et al. 
(1975) have shown that acidic a-mannosidases from human and 
bovine liver were active on oligosaccharides containing ter­
minal nonreducing a-(1—>2)-, a-(1—>3)-, and 
a-(1—>6)-linked mannopyranosyl residues, such as the follow­
ing: a-D-Man-(1—>3)- 6-D-Man-(1—>4)-GlcNAc, 
a-D-Man- ( 1—>2) -ct-D-flan- ( 1—>3) - B - D-Man - ( 1——>4) -GlcNAc, 
w- D-Man- ( 1—>2) -a-D-Man- ( 1—>2) - ot -D-Man- (1—>3) - 3 -D-
aan-(1—>4)-GlcNAc, and a-D-Man-(1—>6)- a-D-man-(1—>4)-
8-D-GlcNAc- (1—>4) - 3 -D-GlcNAc- (1—>4) - B -D-GlcNAc. The 
bovine enzyme was not active on the latter, but both enzymes 
were most active on the small DP substrates. 
A 6-mannosidase highly specific for B-(1—>4)-mannosyl 
linkages has been isolated from nicer (Bouguelet, Spik, 
and Montreuil, 1978). 
Nishigaki et al. (1974) observed that a-L-fucosidases 
from the marine gastropods Turbo cornutus and Charonia lampas 
29 
hydcolyzed fucosidic linkages found in milk oligosaccharides 
in descending rates in the order Fuc- a-(1—>4)-GlcNAc > Fuc-
ot-(1—>2)-Gal > Fuc-a -(1—>3)-GlcNAc, while the fucosidase 
from lampas gave the following order: Fuc-a-(1—>2)-Gal > 
Fuc-a-(1—>4)-GlcMAc > Puc- a-(1—>3)-GlcNAc, a-L-
fucosidase from Chamelea qallina and human brain also 
hydrolyzed the same linkages (Reglero and Cabezas, 1976; 
Dawson and Tsay, 1977), In contrast, a-L-fucosidases from A. 
niaer and fulminans were strictly specific for nonreducing 
terminal L-fucose residues linked a-(i—>2) to galactose 
(Bahl, 1970; Kochibe, 1973). Kochibe (1973) has also shown 
that the Bacillus fulminans a-L-fucosidase was more active 
on desialyzed porcine submaxillary mucin, a glycoprotein 
devoid of sialic acid with fucosyl-a-(1—>2)-galactosyl 
linkages on the nonreducing end of the polysaccharide. 
Most glycoside glycohydrolases have wide linkage 
specificities, while some are quite strict. The linkage 
specificity varies with the source of the enzyme and might be 
a reflection of its role. Thus, B-xylosidase from 
Halbranchea puIchella. a soil fungus, would not be expected 
to act on B-(1—>3)-linked xylooligosaccharides which are 
only found in seaweeds. However, the strict linkage 
specificity, a characteristic of exo-glycanases exhibited by 
this enzyme, is further evidence that this enzyme might be an 
exo-xylanase. similarly, the a-fucosidases from niaer 
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and Bg_ fulainans. which exhibited high aglycon specificity, 
also exhibited strict specificity for a-(1—>2) linkages. 
Effect of Chain Length on Susceptibility to Hydrolysis 
Beese, Maguire, and Parrish (1968) observed that the 
relative rate of hydrolysis of glacooligosaccharides by 
glucosidases decreased with increase in the degree of 
polymerization (DP). Similar behavior has been shown by some 
glycoside glycohydrolases. Takenishi, Tsujisaka, and 
Fukumoto (1973) observed that the rate of hydrolysis of 
xylosides by 4. niger g-xylosidase decreased in the follow­
ing order: xylobiose, xylotriose, xylobiosyl-xylitol, 
xylotetraose, xylopentaose, and xylosylxylitol. The rates of 
hydrolysis relative to xylobiose were 100, 94, 91, 83, 78, 
and 43, respectively. In contrast, Halbranchea 
g-xylosidase hydrolyzed xylobiose, xylotriose, xylotetraose, 
xylopentaose, xylan, and xylobiitol at relative rates of 100, 
129, 100, 83, 31, and 0.16 (Natsuo, Yasui, and Kobayashi, 
1977b). Takenishi, Tsujisaka, and Fukumoto (1973) used a 
0. 5mM substrate concentration of xylooligosaccharides, while 
Matsuo, Yasui, and Kobayashi (1977b) employed 5mM 
xylooligosaccharides and 1% xylan solutions; the relative 
rates were determined by measuring the amount of reducing 
sugar produced. It is not clear from the experimental 
results whether the fact that two moles of xylose were pro­
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duced for each mole of xylobiose was taken into account. 
Assuming that it was and that the Michaelis-Menten constant 
for these substrates were equal or decreased with DP, the 
rate of hydrolysis of xylooligosaccharides decreased as the 
DP increased for the niger enzyme, while the opposite was 
nearly true for the Balbranchea 6-xylosidase. 
a-Glucosidases from rice seed (Takahashi, Shimomura, 
and Chiba, 1971), Bacillus cereus (Yamasaki and Suzuki, 
1974) , Pseudoaonas fluorescens (Guffanti and Corpe, 1976) , 
Pénicillium oxalicum (ïamasaki, Suzuki, and Ozawa, 1977a), 
and Mucor racemosus (ïamasaki, Suzuki, and Ozawa, 1977b) have 
all exhibited a decrease in hydrolysis rate with an increase 
in the DP from maltose to maltotetraose. On the other hand, 
a-glucosidases from rabbit muscle (Palmer, 1971) and human 
renal cortex (Burlet and Sudaka, 1977) show an increase in 
hydrolysis rate from maltose to maltotetraose, followed by a 
decrease through maltohexaose. The relative rates for rabbit 
muscle a-glucosidase for maltose, maltotriose, 
maltotetraose, maltopentaose, and maltohexaose were 100, 140, 
160, 130, and 120, respectively. 
The relative rates of hydrolysis of cellobiose, 
cellotriose, cellotetraose, cellopentaose, and cellohexaose 
by 3-glucosidase from Pusarium solani were 100, 72, 60, and 
66, respectively (Wood, 1971). Trichoderma viride g -
glucosidase acted on cellotetraose at three-fifths of the 
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rate at which it acted on cellobiose (Bergheo and Pettersson, 
1974), while the highly specific 3-(1—>6)-glucosidase from 
Flavobacterium hydrolyzed gentiobiose, gentiotriose, 
gentiotetraose, and gentiopentaose at the following rates: 
100, 52, 36, and 32, respectively (Sano, Amemura, and Harada, 
1975) . 
Khar and Anand (1977) observed that 6-N-
acetylglucosaminidase from bull sperm hydrolyzed chitin 
oligosaccharides with decreasing rate as the DP increased. 
The relative rates of hydrolysis of chitin disaccharide, 
trisaccharide, and tetrasaccharide were 100, 64, and 90, re­
spectively, 
a-Galactosidase from the seed of Trifolium repens also 
showed evidence of the effect of DP on hydrolysis rates. The 
r a t e  o n  r a f f i n o s e  ( 0 - a - D - g a l a c t o p y r a n o s y l - (  1 — > 6 ) - 0 - a -
glucopyranosyl-(1—>2) - B-D-fructofuranoside) was about four 
times the rate of hydrolysis of stachyose (0-a-D-galacto-
pyranosyl- (1—>6)-0- a-D-galactopyranosyl-(1—>6)-0-
o-D-glucopyranosyl-(1—>2)- &-D- fructofuranoside) 
(Williams, Villarroya, and Petek, 1977), A five-fold de­
crease in rates of stachyose hydrolysis compared to that of 
raffinose was observed by Adya and Elbein (1976) with 
a-galactosidase from Aj. niger. 
The activity of bakers' yeast invertase on a-D-
galactosylsucroses of the raffinose family has been studied 
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by Courtois, Wickstrom, and Dizet (1956) . These authors 
found that the rate of hydrolysis decreased with increasing 
chain length of a-D-galactosyl residues, in the order 
raffinose > stachyose > verbascose. Neurospora invertase was 
five times more active on sucrose than on raffinose, while 
the yeast invertase was twice as active (Netzenberg, 1963). 
Swaminathan et al. (1972) observed that the highly spe­
cific 1,2-a-mannosidase from niaer also gave a decrease 
in hydrolysis rate with increase in chain length. The rela­
tive rates of hydrolysis of 2-0-a -D-mannobiose and 2-0-
a-mannotriose were 100 and 84. It is not clear whether the 
higher reducing value of two moles of mannose produced for 
each mole of oannobiose was taken into consideration. 
Conversely, Elbein, Adya, and Lee (1977) observed that a 
3-mannosidase from nicer hydrolyzed g-(1—>4)-linked 
trisaccharide of mannose faster than the B-(1—>4)-
nannobiose, the relative rates being 100 and 70. Similarly, 
the highly specific ot-1,2-fucosidase from Bacillus fulminans 
was more active on desialyzed porcine submaxillary mucin, a 
glycoprotein devoid of sialic acid with facosyl-
o(-1,2-galactosyl linkages on the nonreducing ends, than on 
2*-f ucosyllactose (Kochibe, 1973). A similar enzyme from 
niqer hydrolyzed 2-0-ot-L-fucopyranosyl-D-galactose, 2-0-
a-L-fucopyranosyl-lactose, lacto-N-fucopentaose, and 
desialyzed porcine submaxillary mucin at relative rates of 
3t» 
100, 100, 100, and 90 (Bahl, 1970). Though these substrates 
were not homologous, the trend in hydrolysis rate remained 
fairly constant with DP. 
In summary, most of these glycoside glycohydrolases ex­
hibited a decrease in hydrolysis rate with DP. Both 
a-glucosidases from human renal cortex and rabbit muscle 
showed an opposite trend, but both showed glucoamylase activ­
ity, attacking starch and glycogen. The presence of 
glucoamylase would account for the increase in hydrolysis 
rate with DP. g-Mannosidase from ^  niger also showed the 
opposite behavior and might be an exception to the general 
rule. 
Inhibition Effects 
Reese, Naquire, and Parrish (1968) found that 
6-gluconolactone competitively inhibited g-glucosidase and 
g-exo-glucanases, showing more potency towards the former 
enzymes. 3-glucosidases and B-exo-glucanases were both 
equally affected by 6-gluconolactone, and therefore lactone 
inhibition could not be used to differentiate them. Reese, 
Parrish, and Ettlinger (1971) later reported that nojirimycin 
could be used to differentiate between &-glucosidase and 
3-exo-D-glucanase, and between a-glucosidase and a-exo-D-
glucanase, since nojirimycin was found to be more effective 
against the glucosidases than the exo-glucanases. 
35 
Claeyssens aad De Bruyne (1965) observed that D-xylose, 
D-*ylonolactone, xylothiopyranose, and glucono-(l—>4)- and 
glucono-(1—>5)-lactones competitively inhibited ^  niaer 
g-xylosidase when p-nitrophenyl- 3-D-xylopyranoside was the 
substrate. The inhibition constants, for xylose and 
xylothiopyranose (5-mercapto-5-deoxy-D-xylopyranose) were 
2.5mM and 2.0mM, respectively. g-Xylosidase from P. 
wortmanni was 50% inhibited by 4.8mH xylonolactone with lOmM 
methyl-$ -D-xylopyranoside as substrate, while only 1.5mM 
xylonolactone or 33mH of xylose was needed for the same 
amount of inhibition using 2mM p-nitrophenyl- & -D-
xylopyranoside as substrate. Nojirimycin (2mH) showed no 
inhibitory activity (Reese, Parrish, and Ettlinger, 1971). 
The highly specific a-(1—>2)-mannosidase from niqer 
was weakly inhibited by D-mannono-(1—>5)-lactone 
(Swaminathan et al., 1972), while the less specific ot-
mannosidase was strongly inhibited (Natta and Bahl, 1972). 
Almost complete loss of activity was observed at ImM concen­
tration for the latter, while 50% inhibition occurred at 27mM 
concentration with the former. Similarly, a less specific 
3-mannosidase of jack bean meal was strongly inhibited by 
both mannono-(1—>U)- and mannono-(1—>5)-lactones. With 
p-nitrophenyl- B-D-mannoside as substrate, Revalues for 
(1—>4)- and (1—>5)-lactones were lOmM and 0.12mM, respec­
tively (Li, 1967). Almond emulsin and Hedicaoo sativa B-D-
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mannosidases were powerfully inhibited by mannoao-(1—>5)-
lactone (Schwartz, Sloaa, and Lee, 1970; De Prijcker, 
Vervoort, and De Bruyae, 1974). D-mannose also inhibited the 
former, with 83% of the activity being lost at a concentra­
tion of 1M (Schwartz, Sloan, and Lee, 1970). 
3 -Glucosidase from Fusarium solani was also inhibited 
by gluconolactone. The molar ratio of inhibitor to substrate 
at 50% inhibition was 0.04 (Wood, 1971). Similarly, the 
highly specific g-(1—>6)-glucosidase from Flavobacterium 
was inhibited by glucono-(1—>5)-lactone (Sano, Amemura, and 
Harada, 1975). 
Burlet and Sudaka (1977) observed that human renal 
cortex neutral a -glucosidase was inhibited by 
glucono-(1—>5)-lactone, with inhibition constants of 7.5mM 
with maltose and S.OmM with soluble starch as substrates. 
Distler and Jourdian (1973) reported that 3-
galactosidase from bovine testes was potently inhibited by 
galacto-(1—>W)-lactone, 98% of the activity being lost at a 
concentration of 0.25H. Similarly, 3-galactosidase from 
jack bean meal was 100% inhibited by 0.9mH of galactono-
(1—>4)-lactone (Cabezas and Vasguez-Pernas, 1969). This 
enzyme was also 97% and 42% inhibited by D-galactose and L-
galactose at 0.9mM concentrations, respectively. 
The highly specific glycoside glycohydrolases were 
weakly inhibited by the lactone corresponding to their 
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substrate, while the less specific glycoside glycohydrolases 
were more strongly inhibited, as is shown by the 
a-mannosidases from ^  nicer. This competitive inhibition of 
glycoside glycohydrolases by lactone or nojirimycin has been 
attributed to the half-chair conformational similarity be­
tween the lactone or the imine form of nojirimycin and the 
hypothetical transition state of the glycopyranosyl portion 
in the enzymic hydrolysis of glycosides (Leaback, 1968; 
Reese, Parrish, and Ettlinger, 1971). In addition, the 
mannono-(1—>5)-lactone was more potent than the 
mannono-(1—>i»)-lactone. According to Levvy and Snaith 
(1 972), the lactone inhibition of glycoside glycohydrolases 
was due to (1—>5)-lactone, while the observed inhibition 
with (1—>4)-lactone was due to the transformation of the 
latter to the former under assay conditions. 
Retention of Configuration 
Reese, Haquire, and Parrish (1968) observed that the 
anomeric configuration of the glycon residue resulting from 
the hydrolysis of glycosides by glucosidases was retained, 
while the conformation of the enzyme resulting from the 
action of the exo-glucanases was inverted. This property has 
not been checked in most cases, but when it has been, reten­
tion of configuration after hydrolysis by glycoside 
glycohydrolases usually has been observed. 
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Deleyn et al. (1978) found that the xylose formed from 
the hydrolysis of p-nitrophenyl-3 -D-xylopyranoside by 
Pénicillium wortmanni g-xylosidase was in the g-configura­
tion. In contrast, the reaction of the highly specific 
3-xylosidase from Bacillus pumilus proceeded with the 
inversion of configuration, since a -D-xylose was the initial 
reaction product when aryl-B -D-xylopyranosides were 
hydrolyzed (Van Doorslaer, Kersters-Hilderson, and De Bruyne, 
1976) . 
a-Glucosidases from Mucor racemosus. Pénicillium 
oxalicum, and rabbit muscle have been shown to release cc -o-
glucose from maltose (Palmer, 1971; Yamasaki, Suzuki, and 
Ozawa, 1977a,b). 
Semenza et (1969) observed that D-galactose 
liberated from lactose by intestinal lactase was in the 
g-pyranose form and the glucose liberated by intestinal 
invertase from sucrose to be in the a-form. 
The anomeric configuration of the hydrolysis product, 
which differentiates the glycoside glycohydrolases from the 
exo-glycanases, had been the least investigated of the cri­
teria listed by Reese, Maquire, and Parrish (1968). However, 
as shown above, with the exception of the Bj^ pumilus 
3-xylosidase, all the glycoside glycohydrolases for which 
this property has been investigated showed a retention of 
configuration. The many deviations of this enzyme from stan-
39 
dard glycoside glycohydrolase properties suggest it might be 
an exo-glucanase. 
Transferase Activity 
Glucosidases have been shown to catalyze the transfer of 
glycosyl residues to other glycosides and oligosaccharides, 
as well as to alcoholic acceptors. This phenomenon referred 
to as transferase activity is also exhibited by ^  nicer B-
xylosidase (Sasaki, 1971; Claeyssens et al., 1971; Takenishi, 
Tsujisaka, and fukumoto, 1973) and wortmanni g -
xylosidase (Oeleyn et al., 1978), This dismutation reaction 
occurs with aryl-xylosides, xylobiose, and xylotriose as sub­
strates, with the anomeric configuration in the newly formed 
hemiacetal being retained. Takenishi, Tsujisaka, and 
Fukumoto (1973) observed with niger g-xylosidase that 
xylotriose was the major synthetic product from xylobiose, 
while xylotetraose and xylopentaose were the major products 
from xylotriose. In addition, at substrate concentrations of 
5% the final extent of hydrolysis of xylobiose and xylotriose 
was only about 20% and 30%, respectively. Claeyssens et al. 
(1 966) observed that the main product in a 16 h 3-xylosidase 
digest of 50-100mM phenyl-B-D-xylopyranoside was phenyl-4-0-
B-D-xylopyranosyl-3-D-xylopyranoside, with traces of 
phenyl-3-0-B-D-xylopyranosyl- 3-D-xylopyranoside, xylobiose, 
and xylotriose. This experiment indicated that the substrate 
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could act as both donor and acceptor. Claeyssens et al. 
(1971) later shoved that most aliphatic alcohols and polyols 
at 0.1-0.3M concentrations stimulated the liberation of p-
nitrophenol from p-nitrophenyl-B -D-xylopyranoside, with both 
the Michaelis constant and the maximum velocity of hydrolysis 
being increased. At higher alcohol concentrations these 
alcohols became inhibitory. The variation in the dissocia­
tion constants with alcohol indicates that nucleophilic 
competition between the alcohols and water in these reactions 
increased with the hydrophobicity of the alcohol. 
g-xylosidase from Bacillus pumilus (Van Doorslaer, Kersters-
ailderson, and De Brayne, 1976) and Malbranchea pulchella 
(Matsuo, Yasui, and Kobayashi, 1977b), in contrast to the 
other fungal B-xylosidases, did not exhibit transferase ac­
tivity in the presence of either aryl-xylopyranoside or 
xylobiose. 
Transferase activity has also been observed with ct -
glucosidase from Mucor racemosus (Yamasaki, Suzuki, and 
Ozawa, 1977b). The main transfer product with maltose as 
substrate was maltotriose; with soluble starch it was 
isomaltose. Pénicillium oxalicum a-glucosidase formed 
mainly a-(1—>6)-oligosaccharides up to a DP of 4 from a 5% 
maltose solution (Yamasaki, Suzuki, and Ozawa, 1977a). 
Nigerose, kojibiose, isomaltose, and maltotriose were the 
products formed from maltose by pig serum a -glucosidase 
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(Chiba, Hihi, and Shimomura, 1976). A bacterial 
a-glucosidase from Bacillus cereus formed maltotriose from a 
5% solution of maltose (Yamasaki and Suzuki, 1974). Flint 
com seed a-glucosidase also formed disaccharides and 
trisaccharides with a - (1—>2), a - (1—>3), and a - (1—>6) 
linkages from maltose (Chiba and Shimomura, 1975). The two 
a-glucosidases from Saccharomyces oviformis have been shown 
to exhibit the principle of microscopic reversibility, in 
that the a -glacosidase which hydrolyzed isomaltose formed 
isomaltose from free glucose, while that which hydrolyzed 
isomaltose and maltose formed both compounds from glucose 
(Lai and Axelrod, 1975) . A branched oligosaccharide of DP 3, 
maltotriose, and maltotetraose were formed from a maltose 
mixture by rat liver a -glucosidase (Jeffrey, Brown, and 
Brown, 1970) . 
In a 5% solution, both A^ niqer and almond emulsin a -
glucosidase produced hydrolysis products as well as 
oligosaccharides larger than the disaccharide substrates 
(Beese, Maguire, and Parrish, 1968). 
3-Glucosidase of Fusarium solani exhibited transferase 
activity. The enzyme formed cellotriose from cellobiose and 
cellotetraose and cellopentaose from cellotriose (Wood, 
1971). Sano, Amemura, nad Harada (1975) observed that 
g-(1—>6)-glucosidase from Plavobacterium formed gentiotriose 
from gentibiose. Nisizawa and Hashimoto (1972) reported that 
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almond 3-D-glucosidase and other plant enzymes have 
relatively broad acceptor specificity; primary and secondary 
alcohols such as cyclohexanol, ethylene glycol, furfuryl 
alcohol, glycerol, and methanol were in general efficient 
acceptors, whereas tertiary alcohols, monosaccharides, and 
disaccharides were poor acceptors, g-glucosidase of almond 
emulsin also catalyzed the transfer of 3-D-glucofuranose to 
methanol and ethanol with retention of 3-configuration of D-
glacofuranose (Yoshida and lino, 1971). In contrast to these 
3-glucosidases, a bacterial g-glucosidase from Actinoplanes 
lacked the ability to catalyze transfer reactions (Michalski 
and Domnas, 1974). 
a -Galactosidase from the seed of Irifolium re pens 
transfers galactose from 0-nitrophenyl- a -D-
galactopyranoside preferentially to (1—>4)-linked 
disaccharides such as mannobiose, cellobiose, and maltose 
(Williams, Villarroya, and Petek, 1977). According to Dey 
and Pridham (1972), a-galactosidases in general with a-D-
galactopyranosyl oligosaccharides as substrates transfer 
a-D-galactosyl residues preferentially to the primary 
alcohol group of the acceptor, resulting in the introduction 
of one or more D-galactosyl groups into the acceptor mole­
cule. The rate of hydrolysis of p-nitrophenyl-3-D-
galactopyranoside by coffee bean a-D-galactosidase was in­
creased in the presence of different concentrations of 
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methanol and propanol (Cacchon and De Bruyne, 1975). When 
yeast a-galactosidase polymerized 75% of D-galactose in a 17% 
solution, 60% of the oligosaccharides formed were 6-0-
a-D-galactosyl-D-galactose, while the remaining 40% was 
a-(1—>4)- and a - ( 1—>5)-galactobiose (Clancy and whelan, 
1967) . 
B-Galactosidases also exhibit transferase activity. 
According to Wallenfels and Weil (1972), all g-galacto-
sidases that have been tested catalyzed transgalactosylation, 
and generally galactopyranosyl transfer to the primary 
hydroxyl group was significantly favored. g-Galactosidase of 
almond emulsin transferred D-galactofuranose from phenyl-
g-D-galactofuranose to methanol (Yoshida and lino, 1971). 
Wierzbicki and Kosikowski (1973) isolated five carbohydrates 
other than lactose, galactose, and glucose in a 4% lactose 
solution containing &-galactosidase from niqer. The 
oligosaccharides made up 1-2% of the total lactose, with the 
distrbution varying with the concentration of lactose. 
Oligosaccharides with Rg values less than lactose attained 
maximum production in 18 to 25% lactose, while those with Bf 
values higher than lactose attained maximum production in 7 
to 10% lactose in acid whey concentrate. The production of 
these oligosaccharides might be responsible for the maximum 
production of 80 to 90% attainable in the hydrolysis of 
lactose in acid whey (Guy and Bingham, 1978). 
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Yeast invertase transferred fructose from g-D-
fructosyl-(2—>6)-D-fructose to glucose or fructose to form 
three disaccharides; 0-3 -D-fructosyl-(2—>6)-D-glucose, 0-
6-D-fructosyl-(2—>1)-fructose (inulobiose), and 0-g-
D-fructosyl-(2—>6)-fructose (levanbiose) ; it transferred 
the fructose product as veil as to various acceptors such as 
methyl, ethyl, propyl, butyl, and benzyl alcohols (Basser and 
Shall, 1971). Hunaki (1968) also isolated three 
tr isacch arides ; 0- g-D-fru-(2—>6)-0- 3-D-Fru(2—>1)-a-D-
Glc (6-kestose), 0-3-D-Pru-(2—>1)-0-3-D-Fru-(2——>1)-(x-D-
Glc (1-kestose), and 0-3-D-Fru-(2—>6)-a-D-Glc-(2—>1)~ 
3-D-Fru (neo-kestose) when Neurospora invertase was 
incubated vith a concentrated sucrose solution. 
Trehalase, unlike other glycoside glycohydrolases, does 
not exhibit transferase activity (Nisizawa and Hashimoto, 
1972) . 
In summary, transferase activity is a common property of 
glycoside glycohydrolases, though two bacterial enzymes. 
Bacillus pumilus 3-xylosidase and Actinoplanes 
3-glucosidase, and one fungal enzyme, Malbranchea 
g-xylosidase, do not exhibit it. This property is therefore 
not peculiar to enzymes from any one organism. Transfer of 
glycosyl units to the primary hydroxyl group is favored. The 
synthetic efficiency for this reaction has been shown to in­
crease with donor concentration. Glycoside glycohydrolases 
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which show a particular linkage specificity exhibit the same 
preference in the transfer product formed. For example, 
g-(1—>6)-glucosidase from FlavobacteriuB formed only 
gentiotriose while the isomaltase from Sacchromvces oviformis 
only formed isomaltose. In addition, the anooeric configura­
tion of the transfer product is retained. The configuration 
of the glycon moiety does not seem to be important, since 
glycosyl both in the pyranose and furanose forms are trans-
ferred. 
Conclusions 
The information available on most glycoside 
glycohydrolases is not sufficient to categorically state that 
Reese's criteria are not applicable for classification of 
these enzymes into two groups such as glucosidases and exo-
glucanases. Some of the glycoside glycohydrolases exhibit 
properties peculiar to both groups; for example, 
Flavobacterium g-glucosidase is highly specific for g -
(1—>6) linkages, exhibits transferase activity, and its rate 
of hydrolysis decreases with DP of the substrate. The a -
mannosidase from niger. which is highly specific for a -
(1—>2) linkages, shows an increase in hydrolysis rate with 
DP, while the less specific a-mannosidase from niger 
shows a decrease in hydrolysis rate with DP and is strongly 
inhibited by mannono-(1—>5)-lactone. 
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3-Xylosidases from ^  niger. P. wortmanni. B. pamilus, 
and Malbranchea seem to be split in this classification. 
g-Xylosidases from pumilas and Malbranchea exhibit high 
glycon and aglycon specificity, show high specificity for g -
(1—>4) linkages, and do not exhibit transferase activity. 
The Malbranchea enzyme shows an increase in the rate of 
hydrolysis from xylobiose to xylotriose. The pumilus 
enzyme also catalyzes with an inversion of configuration. 
These properties are similar to those of exo-glucanases. The 
A. niger enzyme is less specific and shows an increase in 
hydrolysis rate with DP, while the P^. wortmanni enzyme is 
also less specific and at the same time catalyzes with reten­
tion of configuration, suggesting that these two enzymes are 
glycoside glycohydrolases. 
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CHAPTER 4. 
SOURCE AND POHIFICATIOH OF B-XÏLOSIDASE 
(B.C. 3.2.1.37, 3-D-xyloside xylohydrolase) 
Introduction 
A fairly pure enzyme with high activity is needed for 
many enzymic hydrolyses* Enzyme purifications are most fea­
sible when the enzyme source has high initial activity and 
when the purification procedure can remove contaminating pro­
tein in the crude enzyme and in as few steps as possible. 
When considering industrial applications, the purification 
should be easily scaled up without large losses in activity, 
and each step should have a high capacity in terms of the 
amount of protein per unit mass of precipitant or 
chromatographic packing. Moreover, the steps should be 
continuous, flowing easily from one step to the following 
step, and enzymes with cross specificity should be partially 
or completely removed. 3-Xylosidase was required in fairly 
large amounts free of interfering g-glucosidase, in order to 
study its properties in soluble and immobilized form. This 
chapter describes how a purification procedure to achieve 
this goal was developed. 
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Literature Beviev 
Sources of B-xvlosidase 
3-Xylosidases have been isolated from various sources. 
Those from fungal origin have been more widely investigated 
than those from other sources. Beese, Maguire, and Parrish 
(1973) tested over 250 organisms representing a wide variety 
of genera (bacteria, phycomycetes, ascomycetes, 
basidomycetes, and fungi imperfecti) for their ability to 
produce g-xylosidase. None of the bacterial species 
secreted 3 -xylosidase when grown in a salts medium commonly 
used for Trichoderma viride with xylan or starch as the 
carbon source and methyl-3 -D-xylopyranoside as the inducer, 
nor did most of the fungal species, with the exception of 
the following; Aspergillus mivakoensis. niger. A. 
stromatoides. Botrvodiplodia so.. Pénicillium chemisinum. 
wortmanni. Pestalotia viroatula. and Trichoderma viride. The 
two most active fungal sources were At niger and P. 
wortmanni. Fungal g -xylosidase was found to be induced with 
methyl- ot -D-xylopyranoside, methyl- g-D-xylopyranoside, 
xylose, and xylan, with the latter two being less effective 
than the former two. Reese, Maguire, and Parrish (1973) also 
found that in most of the fungal species tested, 
3-xylosidase activity was located in the mycelium during the 
early stages of growth, but on prolonged incubation most of 
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the activity was found in the medium. The only exception was 
the Ajs. niger enzyme, in that considerable g-xylosidase ac­
tivity was still found in the mycelium even on prolonged 
incubation. 
Other fungal sources from which a 3-xylosidase has been 
isolated include Coniophora cerebella (King and Fuller, 
1968), Chaetomium trilaterale No. 2264 (Kawaoinaoi and 
lizuka, 1970), and a soil thermophile, Malbranchea pulchella 
var. sulfurea No. 48 (Hatsuo, Yasui, and Kobayashi, 1977a;b). 
&s in the cases tested by Reese, Naguire, and Parrish 
(1973), g-zylosidase activity was found in the culture 
filtrates. 
g-Xylosidases have also been isolated from bacterial 
sources. Howard, Jones, and Purdom (1960) found that 
Bacteriodes amvloaenes and Butvrivibrio species isolated from 
the rumen produced both xylanases and 3-xylosidase. An 
intracellular 3-xylosidase has been induced from Bacillus 
PUmilus No. 12 with xylose, with maximal 3-xylosidase activ­
ity being obtained in the stationary phase (Rersters-
Hilderson et al., 1969). 
In contrast, Notario, Villa, and Villanueva (1976) found 
3-xylosidase to be constitutive in yeast and located in the 
periplasmic space, partially associated with the cell wall. 
& rumen protozoan, Epidinium ecaudatum. has been shown 
to secrete both xylanase and 3-xylosidase activities 
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(Bailey, Clarke, and Wright, 1962; Bailey and Gaillard, 
1965). 
3-Xylosidase has also been found in various mammalian 
tissues. In rat kidney (Patel and Tappel, 1969b) and rat 
liver (Fisher and Kent, 1969; Patel and Tappel, 1969a) 80% of 
the 3-xylosidase activity is bound to the lysosomal 
membrane. g-Xylosidase has also been found as a cytoplasmic 
component in pig kidney (Robinson and Abrahams, 1967). A 
constant ratio of g-xylosidase to g-glucosidase activity 
was observed in all subcellular fractions of rat liver and 
kidney, suggesting that these two activities were due to a 
single enzyme (Patel and Tappel, 1969a,b). A $-xylosidase 
without g-glucosidase activity has been found in rat 
cerebral cortex (Bosmann and Hemsworth, 1971). 
Fukuda, Huramatsu, and Egami (1969) have reported 
isolating g-xylosidase from the liver of a marine gastropod, 
Charonia lampas. 
^-Xylosidase has also been found in plant components. 
Seeds of Andorpogen sorghum (Morita, 1956) and apricot 
emulsin seeds (Baba, 1957; Shibata and Nisizawa, 1965) have 
both been shown to contain 3-xylosidase along with 
g-glucosidase activity. 
g-Xylosidase activity varies with the source, with some 
sources exhibiting higher activities than others. The animal 
tissues had the lowest specific activity of 3"xylosidase. 
51 
ranging from 6 , 2 x 1 0 - 5  to 7x10-3 U/mg (Patel and Tappel, 
1969a,b; Bosmann and Hemsworth, 1971). Charonia laapas 
(Fokuda, Muramatsu, and Egami, 1969) and Cfaaetoniua 
trilaterale (Kawaminaai and lizuka, 1970) also had a low 
initial specific activity, 0.03 to 0.07 U/mg. The cell ex­
tract from Bacillus pumilus had a specific activity of 0.15 
U/mg (Kersters-Hilderson et al., 1969), while culture 
filtrates from ^  nicer QM 877 and Pénicillium wortmanni had 
the highest specific activity, 2 and 8 U/mg, respectively 
(Reese, Naguire, and Parrish, 1973). 
Purification of 6-xvlosidase 
3-Xylosidases have been purified from some of the 
sources mentioned above. Fukuda, Muramatsu, and Egami (1969) 
partially purified g-xylosidase from the liver of Charonia 
lampas. The purification steps included ammonium sulfate 
precipitation at 37% saturation, heat treatment at 55<*C for 3 
min, stepwise elution on CM-cellulose at pH 4.0, gel 
filtration on Sephadex 6-200, and finally column 
chromatography with hydroxylapatite. An 89-fold purification 
with a final specific activity of 1.83 U/mg, assayed with 
4.4mM p-nitrophenyl-B -D-xylopyranoside, and 5* recovery was 
achieved. The purified 3-xylosidase exhibited 
g-glucosidase activity, 37% that of the g-xylosidase activi­
ty. Both kinetic and inhibition studies indicated that the 
3-xylosidase and 3-glucosidase activities were due to the 
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same enzyme (Fukuda and Egami, 1969). 
A lysosomal &-xylosidase from rat kidney was purified 
150-fold by Patel and Tappel (1969b). The purification was 
achieved by homogenization, centrifugation, and DE&E-
cellulose chromatography at pH 7,6. A final specific activi­
ty of 0.02 8 0/mg, assayed with 4mM p-nitrophenyl- &-D-
xylopyranoside, with 23% recovery was obtained. 
3-Glacosidase activity was 28% as high as that of g -
xylosidase in the purified enzyme. Both kinetic and inhibi­
tion studies, according to Patel and Tappel (1969b), strongly 
support the conclusion that a single enzyme was responsible 
for both of the activities. 
Bosmann and Hemsworth (1971) have purified ^-xylosidase 
from rat cerebral cortex 26 30-fold by solubilization with 
nonionic detergent, centrifugation, precipitation with 
ammonium sulfate at 20-50% saturation, and Sephadex G-100 
chromatography. A final specific activity of 0.054 0/mg, 
assayed with 5.85ml! p-nitrophenyl-g-D-xylopyranoside, with 
50% recovery was achieved. 
A highly specific (with absolute glycon specificity) 
xylose-induced g-xylosidase from Bacillus pumilus was 
purified 34-fold by Kersters-Hilderson et al. (1969), who ob­
tained 40% recovery and a final specific activity of 5.3 
0/mg, assayed with saturating p-nitrophenyl-g-D-
xylopyranoside concentration. The purification procedure in-
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eluded cell lysis with 10% lysozyme, followed by 75* 
saturation of the supernatant with ammonium sulfate, gel 
filtration at pH 8.4, and hydroxylapatite chromatography at 
pH 7.7. The purification was later improved by Claeyssens et 
al, (1970) to 155-fold, with 6.2 0/mg and 64% recovery, by 
the use of affinity chromatography with p-aminobenzyl-1-thio-
B-D-xylopyranoside coupled as inhibitor ligand to a matrix of 
Sepharose 2B. Traces of xylanases, phosphatase, and amylase 
activities were detected in the purified enzyme. 
A number of years ago. King and Fuller (1968) partially 
separated g-xylosidase from the xylanases in the culture 
filtrate of the fungus Coniphora cerebella by acetone 
fractionation and ion exchange chromatography on DEAE-
cellulose at pH 5.8. 
3-Xylosidase of Chaetomium trilaterale No. 2264 was sep­
arated from the xylanase system by ammonium sulfate precipi­
tation at 80% saturation, gel filtration on Sephadex G-75 at 
pH 5.0, and ion exchange chromatography on DEAB-cellulose at 
pH 5.0. The final purification was 15-fold with 6% recovery. 
The final specific activity when assayed with saturating 
concentration of phenyl-3-D-xylopyranoside was 0.57 U/mg 
(Kawaminami and lizuka, 1970). Though the author claimed to 
have separated this enzyme from the xylanases the possibility 
of contamination with xylanases should not be ruled out, as 
the purified enzyme hydrolyzed 90% of the xylan offered com­
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pared to 50% by the xylanases. 
A fungal 3-xylosidase from Malbranchea pulchella var. 
suIfurea No. 48 was purified 99-fold from the culture 
filtrate by ammonium sulfate precipitation at 80% saturation, 
deae-cellulose chromatography at pH 6,7, ultrafiltration with 
an Amicon XH100 membrane, and two column electrophoresis 
steps. The final specific activity when assayed with a 
saturating concentration of phenyl- g-D-xylopyranoside was 
9.92 U/mg (Matsuo, Yasui, and Kobayashi, 1977a). 
Recently, Deleyn gt al. (1978) purified 24-fold a 
g-xylosidase obtained from Pénicillium wortmanni grown on 
xylan and induced with a mixture of methyl-a-d-
xylopyranoside and methyl-g-D-xylopyranoside. A 58% yield 
was achieved after diafiltration in an Amicon P10 hollow 
fiber, acetone precipitation, and hydroxylapatite adsorption 
chromatography at pH 6.8. The purified enzyme had a specific 
activity of 11.4 U/mg when assayed with saturating amounts of 
p-nitrophenyl-B -D-xylopyranoside. 
3-Xylosidase from ^ niger has been studied by a number 
of investigators. Sasaki (1971) partially purified it by 
ammonium sulfate precipitation at 60 to 80% saturation, gel 
filtration on Sephadex 6-100 at pH 5.0, and anion exchange 
chromatography on DEAE-Sepahadex A-50 at pH 6.8. A 250-fold 
purification with less than 2% recovery was achieved. The 
final specific activity, when assayed with saturating 
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concentrations of phenyl-3-D-xylopyranoside, was 5.9 U/mg. 
Less than 1% g-glucosidase activity was observed. 
Claeyssens et al.' (1971) purified 3-xylosidase from a 
commercially available ^  niaer hemicellulase 89-fold by gel 
filtration on Sephadex G-25 at pH 3.6, followed by cation ex­
change chromatography on SE-Sephadex C-50 at pH 3.6, column 
electrophoresis, anion exchange chromatography on DEAE-
Sephadex A-50 at pH 6.8, and finally by gel filtration on 
Sephadex G-200 at pH 5.0. A final specific activity of 25 
0/mg, when assayed with saturating concentrations of 
p-nitrophenyl- B-D-xylopyranoside, with 42% recovery was 
achieved. 
Takenishi, Tsujisaka, and Fukumoto (1973) purified 3 -
xylosidase from niger Van Tieghen by ammonium sulfate 
fractionation at 35 to 75% saturation, desalting on Sephadex 
G-25, anion exchange chromatography on DEAE-Sephadex A-50 at 
pH 5.0, gel filtration on G-150 at pH 5.0, and column 
electrophoresis. A 392-fold purification with 22% recovery 
was obtained. The final specific activity, when assayed with 
0. 5mM phenyl-B-D-xylopyranoside, was 4.2 U/mg. 
Sodionova, Gorbacheva, and Buivid (1977) recently re­
ported isolating six exo-1,4- 3-xylosidases from niger 
strain 14. One of these was purified 120-fold with less than 
1% recovery by ethanol precipitation, DEAE-Sephadex A-50 
chromatography at pH 5.5, SE-Sephadex C-50 chromatography at 
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pH 3.3, CH-cellalose chromatography at pH 4.2, isoelectric 
focusing using ampholyte carriers between pH's 3 and 6, and 
gel permeation on Sephadex G-200 at pH U.2. The final spe­
cific activity when assayed with 0.340mM methyl- &-D-
xylopyranoside was 0.3 0/mg. 
Materials and Methods 
Enzyme source 
In view of the high &-xylosidase activity found in 
molds, five crude enzyme preparations of fungal origin were 
tested for g-zylosidase activity. These crude enzymes were 
Bhozyme HP-150 Concentrate, lot 3-0007, a brown powder from 
A. niger prepared by Rohm and Haas Company, Philadelpha, Pa.; 
hemicellulase, cat, no. H-2125, lot 24C-2030, a milky white 
powder isolated from Bhizopus mold, supplied by Sigma Chemi­
cal Company, St. Louis, Mo.; hemicellulase, batch no. PPHB-5, 
a tan powder; CP-1, batch no. CED-4, a cream colored powder; 
cellulase, a milky white powder, the last three furnished by 
Novo Enzyme Corporation, Namaroneck, M.Ï. 
Enzyme substrates 
o-Nitrophenyl-0-D-xylopyranoside, p-nitrophenyl- g-D-
glucopyranoside, p-nitrophenyl- a-D-galactopyranoside, and 
p-nitrophenyl- g-D-galactopyranoside were obtained from 
Sigma Chemical Company. o-Nitrophenyl- g-O-xylopyranoside 
was obtained from Research Products International 
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Corporation, Elk Grove, 111. p-Nitrophenyl- 3-D-
xylopyranoside vas obtained from Research Products Interna­
tional. 
Chromatographic supplies 
Sephadex G-150, 40-120 am dry bead size, lots 74C-0245 
and 35C-0085; Sephacryl S-200 Superfine, 10-120nm wet bead 
diameter, lot 1; and Ultrogel icA 34, 60-100 nm wet bead 
size, batch no. 9170, were used for gel filtration 
chromatography. These gels were supplied by Sigma Chemical 
Company, Pharmacia Fine Chemicals, Piscataway, N.J., and LKB 
Instruments, Inc., Bockville, Md., respectively. SP-
Sephadex, 10-120 am dry bead size, 2.3 ± 0.3 meg/g ion ex­
change capacity, lot 105C-0038, was used for cation exchange 
chromatography, and DEAE-Sephadex A-25, 40-120 nm dry bead 
size, 3.5 1 0.5 meg/g ion exchange capacity, for anion ex­
change chromatography. Both were purchased from Sigma Chemi­
cal Company. 
Chemicals 
Oltrapure ammonium sulfate, lot A22211, was obtained 
from Schwarz/Hann, Orangeburg, N.Y. Polin-Ciocalteau reagent 
for protein determination was purchased from Fisher Scientif­
ic Company, Fair Lawn, N. J. Bovine serum albumin (lot 
33C-8090, *2 15.7%) was supplied by Sigma. All other 
chemicals were analytical grade and were obtained from J. T. 
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Baker Chemical Compaay. All buffers and solutions were pre­
pared with distilled deionized water. 
Soluble enzyme assay 
B-Xylosidase was assayed by incubating 0.9 ml of 0.05H 
acetate buffer at pH 4.0, 1 ml of 4mN o-nitrophenyl- g-D-
xylopyranoside solution dissolved in the same buffer, and 0.1 
ml of enzyme solution at 40*0 for 15 min. The reaction was 
stopped by adding 2 ml of 20% sodium carbonate solution. The 
o-nitrophenol liberated was measured by reading the optical 
density at 400 no in a 1 cm cuvette with a fieckman DU 
spectrophotometer modified with a Gilford model 252 update 
system. 
Two methods were used for the assay of the chromato­
graphic column effluents in order to conserve substrate. The 
first method, which was used in the earlier part of this 
work, involved incubating 0.5 ml of 1mM o-nitrophenyl-&-0-
xylopyranoside with 3.5 ml of acetate buffer and 0.1 ml of 
enzyme solution. The reaction was stopped by adding 2 ml of 
20X sodium carbonate, and the absorbance was read at 400 nm. 
The second method, which was used in most of this work, in­
volved incubating 0.4 ml of 0.05M acetate buffer pH 4.0 with 
0.5 ml of a 2mM solution of substrate and 0.1 ml of enzyme 
solution at 40<*C for 15 min. The reaction was stopped by 
adding 1 ml of 20% sodium carbonate, and the absorbance of o-
nitrophenol or p-nitrophenol was read at 400 nm. Activities 
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of g-glucosidase, a-galactosidase, and 3-galactosidase 
were determined similarly with their respective substrates. 
Protein determination 
Protein concentrations were determined by a modified 
Lowry's method (Lowry et , 1951) described in Appendix D 
using bovine serium albumin as standard. The original method 
was modified because of precipitation in Solution B. With 
column effluent the absorbance at 280 nm was measured either 
with an on-line ISCO UA-5 ultraviolet monitor with a 0.5 cm 
cuvette or with an off-line Beckman DU spectrophotometer 
modified with a Gilford model 252 update system, using a 1 cm 
cuvette. 
Definition of enzyme unit 
One unit of enzyme activity was defined as the amount of 
enzyme necessary to produce 1 ymol/min of o-nitrophenol or 
p-nitrophenol under the conditions of the assay. Calibra­
tion plots for the determination of the amount of o-
nitrophenol and p-nitrophenol are shown in Appendix D. 
Preparation and regeneration of chromatographic gels 
Sephadex G-150 powder was swollen for three days in 30mM 
sodium citrate buffer, pH 4.45. Ultrogel AcA 3U and 
Sephacryl S-200 Superfine, which were supplied in preswollen 
form, were equilibrated with water first to remove the 
shipping solvents and then washed with three buffer changes 
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over a period of 6 h. All gels were deaerated and fines were 
removed before packing in columns. DEAE-Sephadex and SP-
Sephadex ion exchange gels were swollen and equilibrated in 
25mM phosphate buffer, pH 6.8, and 50mM sodium citrate buffer 
pH 3,1, respectively, over a period of 24 h with six changes. 
The ion exchange gels had to be regenerated after each use. 
DEAE-Sephadex A-25 was regenerated by passing a solution of 
in NaCl through the used column to remove undesorbed protein. 
The gel was then added to 0.1N NaOH solution and allowed to 
stand for 45 min, after which it was equilibrated several 
times with water until the pH was neutral. The regenerated 
gel was then equilibrated with 25mM phosphate buffer. SP-
Sephadex C-25 was regenerated in much the same way, execpt 
that the final pH was adjusted to about 3.5 with citric acid 
after equilibrating with water. 
Results 
Determination of S-xvlosidase activity in various crude 
enzymes 
Approximately 0.5g of each crude enzyme was dissolved in 
10 ml of 0.05M acetate buffer at pH 4.0. Each was 
centrifuged for 1 h, and appropriate dilutions were used for 
activity and protein determinations. Rhozyme HP-150 
Concentrate had the highest g-xylosidase specific activity 
of the five crude enzymes tested (Table 2). In addition, it 
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Table 2. 
Determination of &-xylosidase activity in crude sources 
Enzyme 
Rhozyne HP-150 
Concentrate 
Hemicellulase 
H-2125 
Hemicellulase 
CP-1 
Cellulase 
Source Specific Protein, Specific 
activity, % activity, 
o/ag D/mg 
Rohm and 
Raàs 
Sigma 
Novo 
Novo 
Novo 
0.0945 
0 .0020  
0.0016 
0,0077 
0.0113 
13.0 
1.55 
6 . U 0  
5.48 
0.730 
0.127 
0.  120 
0. 206 
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had earlier been shown that this crude had the highest 
xylanase activity (Gunduz, 1975). This material was 
therefore chosen as the source of 3-xylosidase for this re­
search. 
Purification of 6-xvlosidase 
Two procedures were used to purify g-%ylosidase from 
the crude Rhozyme HP-150 Concentrate. The first. Procedure 
k, includes an ammonium sulfate precipitation, ultra­
filtration, gel filtration, and anion and cation exchange 
chromatography, while the second. Procedure B, includes an 
ammonium sulfate fractionation followed by either gel 
permeation or cation exchange chromatography. 
Procedure A 
Ammonium sulfate precipitation and ultrafiltration of 
crude enzyme A 162 ml solution of 25 g Rhozyme HP-150 
Concentrate in 15mN citrate buffer at pU 4.55 was prepared 
and stored with continuous stirring at 4oc for 6 h. The 
enzyme solution was then centrifuged at 13,000 rpm (21,000 g) 
in a Sorvall RC-5 supecspeed refrigerated centrifuge for 1 h 
at yoc. An insoluble precipitate of 863 mg was removed and 
discarded. The resulting 148 ml enzyme solution was brought 
to 95% saturation by gentle addition of 91 g of solid 
ammonium sulfate with continuous stirring. After overnight 
storage with continuous stirring, the suspension was 
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centrifugea at 21,000 g for 1 h. The resulting precipitate 
was layered, with a milky white bottom layer and a brown top 
layer. 
The pellet was dissolved in the citrate buffer to yield 
a 120 ml solution, which was added to an Amicon 402 
ultrafiltration cell fitted with an XM100A membrane. The so­
lution was dialyzed with 1075 ml of citrate buffer for 96 h 
under 20 psi pressure, and later concentrated to a final 
volume of 62 ml. This step completely removed the xylanases 
present in the crude enzyme. 
Gel permeation chromatography of 3-xylosidase Other 
high molecular weight enzymes assayed were g-glucosidase, 
which shows cross specificity with B-xylosidase, 
a-galactosidase, and g-galactosidase. These enzymes were 
partially separated from 3-xylosidase by gel filtration with 
Sephadex G-150 and LKB Ultrogel Ac& 34, which have 
fractionation ranges of 5,000-400,000 and 20,000-350,000 
daltons, respectively. 
Various runs were carried out at 4°C on a 5.15 x 110 cm 
Sephadex G-150 column with 5, 10, and 25 ml loading of crude 
enzyme solutions and flow rates of 25, 35, and 50 ml/h, using 
a Cole-Parmer Ultramasterflex peristaltic pump. On Sephadex 
G-150 with 5 ml loading, a-galactosidase was almost com­
pletely separated from all other enzymes and 3-galactosidase 
was partially separated from 3-xylosidase and 3-glucosidase 
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(Figure 3). Considerable broadening of peaks was observed 
with 10 ml (Figure 4) and 25 ml loading trials, k flow rate 
of 50 ml/h led to rapid packing of the column. A scale-up of 
the gel filtration was attempted, using a 9.7 x 150 cm 
Sephadex G-150 column (Figure 5). During the course of the 
run the eluent flow rate decreased from 100 to 30 ml/h. The 
resolution from this column was comparable to that obtained 
with the 5 ml loading of the smaller column. 
For a faster flow rate, runs were also carried out on a 
5.15 X 85 cm column containing LKB Ultrogel kck 34 at 
loadings of 10 and 25 ml and eluent flow rates of 240 ml/h 
(Figures 6 and 7). The column did not pack, but resolutions 
were poor and low yields were obtained (54 and 61%, respec­
tively) . 
A 4.8 ml portion of the concentrated sample was applied 
to the 5.15 X 110 cm Sephadex G-150 column. The column was 
eluted with 15mM citrate buffer at pH 4.55 by an upward flow 
at 30 ml/h using a Cole-Parmer Oltramasterflex perstaltic 
pump (Figure 8). Before collecting in fractions of 15 
ml/tube, 550 ml was passed through the column. Tubes 35-55 
were pooled, yielding a volume of 305 ml. 
Ion exchange chromatography of 6-xvlosidase Anion 
exchange chromatography of pooled fractions from the gel 
permeation separation was attempted on DEAE-Sephadex A-25. 
Runs were carried out in 50mM maleate buffer, pH 6.0, and 
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25bM phosphate buffer at pH 6.8, 7.0, and 7.5 at C« The 
enzymes were not resolved by an increasing ionic strength 
gradient at pR 6.0 (Figure 9). However, a-galactosidase and 
3-galactosidase were partially separated at pH 7.0 and 7.5. 
The yields were low, 31 and 15%, respectively (Figures 10 and 
11).  
The most successful run with respect to resolution and 
yield was achieved at pH 6.8 (Figure 12), and subsequent runs 
were performed at this pH. To obtain more material, the 
pooled fractions from the gel column were concentrated in the 
Amicon 402 ultrafiltration device with an XH100A membrane to 
a final volume of 48 ml. This sample was then dialyzed with 
Curtin cellulose dialysis tubing, size #36, for 24 h. Two 
portions, of 29 ml and 28 mi, of the resulting solution were 
applied to two 3.3 x 58.5 cm DBAE-Sephadex columns 
equilibrated with 25mN phosphate buffer, pH 6.8. After one 
bed volume wash with the same buffer, the columns were eluted 
with a 0-250mM gradient of NaCl in the same phosphate buffer 
at 30 ml/h. Tubes showing 6-xylosidase activity were pooled 
to yield a total volume of 900 ml (Figures 13 and 14). 
Cation exchange chromatography was performed with SP-
Sephadex C-25 columns at 4*C with pooled sample from the 
DEAE-Sephadex A-25 columns. The 900 ml of solution was con­
centrated in the Amicon ultrafiltration cell with an XN50 
membrane to a final volume of 57 ml. A 55 ml portion of this 
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saople was dialyzed with 50mM sodium citrate buffer, pH 3.1, 
and applied to a 2.4 x 64 cm SP-Sephadex column equilibrated 
with 50mM citrate buffer, pH 3.1. The column vas elated with 
a 0-225mM gradient of NaCl in 50mH sodium citrate buffer, pH 
3.1, at 23 ml/h after one bed volume wash with same buffer. 
Tubes 76-85 were pooled to yield a volume of 112 ml (Figure 
15). At low loading, SP-Sephadex chromatography was better 
able to separate 6-glucosidase into distinct fractions, with 
3-xylosidase eluted between them (Figure 16). The 
3-glucosidase fraction which was eluted first showed some ac­
tivity on o-nitrophenyl- 3-D-xylopyranoside, while the second 
peak showed little if any activity. The overall purification 
procedure (A-1) is summarized in Table 3. 
The ion exchange chromatography steps were reversed in 
an attempt to improve the overall yield and final specfic ac­
tivity. Though the overall yield was slightly improved, the 
specific activity was considerably lower. The results of 
this alternative method (A-2) are summarized in Table 4. In 
addition, the reproducibility of purification method A-1 was 
poor when a large preparation was attempted (Table 5) . This 
was due to the length of time involved in each individual 
step. 
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Table 3, 
Purification of g-xylosidase (Procedure 1 A) 
Procedure Sample Vol., Act., 
ml U/ml 
Total Protein, Spec. Yield, Cum. 
act., og/ral act., % purif. 
0 D/mg 
Crude 
Centrifugation 
Ammonium sulfate 
precipitation 
(95% sat'd) 
XH100A 
ultra­
filtration 
Sephadex G-150 
gel filtration 
EEiE-Sephadex 
i-25 ion 
exchan ge 
SP-Sephadex 
C-25 ion 
exchange 
Fhozyae 
HP-150 
Concentrate 
Crude 
supernatant 
Pr ecipitate 
Supernatant 
Fetentate 
162 31.5 
148 33.4 
120 39.9 
170 1.81 
62 68.6 
5100 34.7 
4940 35.8 
4790 32.4 
308 
4260 37.4 
0.906 100.0 1.0 
0.934 97.0 1.03 
1.24 93.9 1.36 
6.0 
1.83 83.4 2.02 
Pooled eluate 305 0.858 262 0.104 8.28 62.3 9.14 
Concentrated 
el uate 
Concentrated 
eluate 
57 1.95 111 0.075 26.0 
38 0.404 15.4 0.007 57.7 
28.1 28.73 
4.8 63.7 
Table (*. 
Purification of g-xylosidase (Procedure IB) 
Pro ce dur e Sample Vol., Act., Total Protein, Spec. Yield, Cub. 
ml n/ml act., mg/ml act., % purif. 
0 U/mg 
Crude Shozyme 
HP-150 
Concentrate 
Centrifugat ion Crude 
supernatant 
160 26.8 
159 26.1 
Ammonium sulfate Precipitate 110 36.1 
precipitation 
(95% sat'd) Supernatant 186 1.91 
XH100Â 
ultra­
filtration 
Setentate 51 77.6 
4290 32.6 
4130 31.4 
3970 31.8 
355 
3960 51.3 
0.824 100.0 1.0 
1.21 96.1 1.47 
1.13 92.4 1.38 
8.3 
1.51 92.2 1.83 
Sephadex G-150 Pooled eluate 557 2.58 1440 0.390 6.61 85.4 8.02 
gel filtration 
SP-Sephadex 
C-25 ion 
exchange 
DBA E- Sep had ex 
A-25 ion 
exchange 
Concentrated 47 0.792 37.6 0.199 3.98 13.8 4.8 
eluate 
Concentrated 44 0.361 15.9 0.032 11.2 
eluate 
5.8 13.6 
Purificat ion 
Procedure Sample 
Centrifugation Crude 
supernatant 
Ammonium sulfate Precipitation 
precipitation 
(95% sat*d) Supernatant 
zmOOA Eetentate 
ultrafiltration 
Sephadex G-150 Pooled eluate 
gel filtration 
(22 runs) 
XHIOOA Eetentate 
ultrafiltrat ion 
DEAE-Sep hadex 
A-25 ion 
exchange 
(8 runs) 
SP-Sephadex 
C-25 ion 
exchange 
(12 runs) 
Pooled eluate 
Concentrated 
eluate 
Pooled eluate 
Concentrated 
eluate 
Table 5, 
of g-xylosidase (Procedure 1 A) 
Vol., Act., 
ml U/ml 
Total Protein, Spec. Yield, Cum. 
act., mg/ml act., % purif. 
0 U/mg 
325 32.9 10700 37.6 0.890 100.0 1.0 
290 29.9 8670 28.9 1.04 81.1 1.16 
395 2.94 1160 10.9 
112 78.4 8780 52.7 1.49 82.2 1.67 
6940 0.869 6030 0.120 7.25 56.4 8.14 
CD 
W 
150 34.2 5160 4.15 8.24 48.3 9.26 
9735 0.217 2120 19.8 
440 4.13 1819 0.224 18. 5 17.0 20. 8 
1469 0.199 292.7 2.74 
92 2.24 206.4 0.070 32. 2 1.93 36. 2 
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Procedure B 
Ammonium sulfate fractionation of crude enzyme Six­
teen 5 g samples of crude enzyme were dissolved in 30 ml 
portions of 30mH citrate buffer, pH 4.48, and were stirred at 
4° C for 4 h. The resulting enzyme solutions were 
centrifuged in a Sorvall RC-5 superspeed centrifuge at 13,500 
rpm (21,000 g) for 1 h at 4<*C. Different amounts of ammonium 
sulfate crystals were gently added with continuous stirring 
to each solution and the solutions were left overnight at 4*0 
with continuous stirring. Each solution was then centrifuged 
and the supernatant assayed, k plot of the activity of the 
known enzymes and protein concentration left in the 
supernatant versus ammonium sulfate saturation is shown in 
Figure 17, 
Results from the above ammonium sulfate fractionation 
experiment indicated that g-glucosidase and xylanases were 
preferentially precipitated from a concentrated solution of 
Rhozyme HP-150 Concentrate. At 69% saturation, 99% of the 
activities of both 3-glucosidase and the xylanases were 
precipitated, while 45%, 7%, 6% of 3-xylosidase, a-
galactosidase, and g-galactosidase, respectively, were left 
in the supernatant. 
To obtain material for later purification steps, 5 g of 
enzyme were dissolved in 15mM citrate buffer, pH 4.55, to 
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(NH^lgSO^ SATURATION. % 
100 
100 
3-GALACTOSIDASE 
e-XYLOSIDASE 
»- a-GALACTO-
SIDASE ac 
</) 
i—( 
XYLAHASES 
PROTEIN 
o 
3-GLUCOSIDASE 
oiz ôis 0I4 oÎÎo!6  ^0?r iï" OJI 
(NH.).SO. CONCENTRATION, g/mf 
Figure 17. Fractionation of crude hemicellulase by 
differential precipitation with ammonium sulfate. 
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make a solution of 26 ml. After centrifugation as before, 12 
g of ammonium sulfate crystals were added to bring the solu­
tion to 69% saturation. After overnight storage, the suspen­
sion was centrifuged at 21,000 g for 1 h. The resulting 
precipitate was layered, the bottom quarter being milky white 
and the remainder brownish. The resulting supernatant, also 
a brownish solution, was 20.5 ml. 
Gel permeation chromatography A 10 ml portion of the 
ammonium sulfate supernatant was applied to a 2.8 x 115 cm 
Sephacryl S-200 Superfine column and eluted with 15mM citrate 
buffer, pH 4.55, at 12 al/h (Figure 18). The flow was held 
constant with a Cole-Parmer Ultramasterflex peristaltic pump 
at the outlet of the column. Tubes 31-50, containing a total 
volume of 172 ml, were pooled. Two peaks of B-xylosidase 
activity were observed, indicating an aggregation of the 
enzyme, since only a single peak was observed when either the 
crude enzyme or dialyzed ammonium sulfate supernatant was ap­
plied to the Sephacryl column (Figures 19 and 20). 
Cation exchange chromatography A 7 ml portion of the 
ammonium sulfate supernatant was dialyzed in cellulose 
dialysis tubing with 50mM citrate buffer at pH 3.1. The re­
sulting solution (24 ml) was applied to a 2.4 x 64 cm column 
of SP-Sephadex C-25 equilibrated with 50mH citrate buffer at 
pH 3.1. The column was eluted with a 0-225mM NaCl gradient 
in the same buffer at a flow rate of 23 ml/h. Tubes 71-90, 
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S 
s 
S T 
CM 
î< 
w T.&-
§ 
S 0.8 
0.4 
0.0 
a-GALACTOSIDASE 
3-GALACTOSIOASE 
ABSÛIIMKE 
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e-XYLOSIWSE 
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B-GLUCOSIBASE 
00 
Figure 18. 
40 50 60 
FRACTION mmiK 
Elution pattern at 10 ml loading and 12 ml/h 
from a 2.8 X 115 cm Sephacryl S-200 Superfine 
column (8.8 ml/fraction). 
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Figure 19. Elution pattern of centrifugal crude enzyme at 5 ml loading 
and 12 ml/h from a 2.8 x 115 cm Sephacryl S-200 Superfine 
column (8.8 ml/fraction). 
g 
s 
B-GALACTOSIDASE 
a-GALACTOSIDASE 
- 0.6 
ABSORBANCE 
-0.4 t 
e-XYLOSIDASE 
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Figure 20. 
go 
VO 
700 770 
Elution pattern for dialyzed ammonium sulfate 
precipitate at 20 ml loading and 12 ml/h from 
a 2.8 X 115 cm Sephacryl S-200 Superfine column 
(8.8 ml/fraction). 
90 
containing a total volume of 230 ml, were pooled (Figure 21). 
Tables 6 and 7 summarize the results of the two methods 
of Procedure B. 
Discussion 
& great number of purification steps were involved in 
Procedure k, and the overall yield was low even though the 
final specific activity was higher than that obtained by Pro­
cedure B. The drastic pH change from pH 6.8 to pH 3.1 proba­
bly caused a considerable amount of the activity loss, since 
3-zylosidase is stable over a very narrow range centered on 
pH 4.25 (Chapter 5). The applicability of this procedure on 
an industrial scale is more difficult because of the 
preparations involved in regenerating the ion exchange media. 
Procedure B involves only two steps, and almost com­
pletely removes 3-glucosidase, which shows cross-specificity 
with g-xylosidase, by use of differential precipitation with 
ammonium sulfate. Procedure B, which involves ammonium 
sulfate fractionation followed by gel filtration on Sephacryl 
S-200 Superfine, would be the more applicable for an 
industrial application, because it can be easily scaled up 
and the gel does not need any regeneration. The flow 
characteristics of Sephacryl S-200 Superfine are much better 
than those of Sephadex 6-150, the gel beads are more rigid, 
thereby alleviating the packing problem observed with 
1.4 2 .8  
1 . 2 -
- 2.4 
1 .0 -
0.8-
0.6 
- 0 . 2  -  2 . 0  
i 
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o-GALACTOSIDASE 
e-XYLOSIOASE-
e-
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1 . 6  S 
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1.2 lU 
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0.8 I 
10 20 30 40 50 60 70 80 90 100 110 
FRACTION NUMBER 
Figure 21. Elution pattern at 24 ml loading and 23 ml/h 
from a 2.4 x 64 cm SP-Sephadex column at pH 3.1 
(11.5 ml/fraction). 
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Table 6. 
Purification of ^'xylosidase (Procedure IIA) 
Procedure Sample Vol., Act., Total Protein, Spec. Yield, Cum. 
ml 0/ml act., mg/ml act., % purif. 
0 0/mg 
Centrifugation Crude 26.0 32.9 656 33.3 0.99 100.0 1.0 
supernatant 
ammonium sulfate 0-69% sat'd 28.5 13.4 382 9.71 1.38 04.6 1.40 
fractionation supernatant 
Sephacryl S-200 Concentrated 45.0 2.16 97.1 0.14 15.5 32.3 15.7 
gel eluate 
filtration 
K> 
Table 7 
Purification of g-xylosidase (Procedure IIB) 
Procedure Sample Vol., let.,Total Protein» Spec. Yield, (mm. 
ml. O/Bl act., mg/*l act., % ifvrif. 
0 0/mg 
Centrifugation Crude 26.0 32.9 856 33.3 0.99 100.0 1.0 
supernatant 
iBBcniuB sulfate 0-69% sat'd 28.5 13.4 382 9.71 1.38 *4.6 1.40 
fractionation supernatant 
SP-Sephadex Concentrated 46.0 0.886 40.8 0.033 26.7 19.4 27,0 
C-25 ion eluate 
exchange 
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Sephadex G-150, and the resolution patterns are similar. 
As reported in the Literature Review section, 
3-glucosidase has been separated from g-xylosidase by Sasaki 
(1971) using hydroxylapatite at pH 6.8, but the recovery was 
about 2%, Claeyssens et (1971) and Takenishi, Tsujisaka, 
and Fukumoto (1973) have achieved this task by electro­
phoresis, an expensive method for large scale operation. 
Bodionova, Gorbacheva, and Buivid (1977) did not mention 
3-glucosidase, though six B-xylosidases were reported iso­
lated and one of these was purified electrophoretically. 
Like Sasaki (1971), both procedures used here avoided 
electrophoresis. 
The occurrence of two activity peaks for g-xylosidase 
from ammonium sulfate on Sephacryl S-200 Superfine (Figure 
20) has not been reported by previous investigators, despite 
the fact that their purification steps involved an ammonium 
sulfate step (Sasaki, 1971; Claeyssens et âl*» 1971). This 
is probably due to the fact that the ammonium sulfate 
redissolved precipitate was desalted either on Sephadex G-25 
(coarse) which lacks the ability to resolve these two 
components, or by dialysis before applying it to Sephadex 
G-100 (Sasaki, 1971). 
Since only one peak was observed when the crude enzyme 
and a dialyzed ammonium sulfate supernatant sample were each 
applied to the column (Figures 19 and 20), it appears that 
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the high ionic strength created i>y ammonium sulfate ions 
probably affected the oligomeric structure of g-xylosidase. 
Similar behavior has been observed with some high molecular 
weight glycoside glycohydrolases under high ionic 
environments, where the second peak was found to consist of 
subunits of the first peak (Metzenberg, 1964; Lusis and 
Paigen, 1976). It can, therefore, be speculated that the 
first peak is an aggregate of the second peak; however, this 
can not be proven since a molecular weight determination was 
not performed. From studies of the effect of ammonium 
sulfate on proteins, it has been postulated that the salt 
ions disrupt the forces that stabilize the tertiary and quat­
ernary structure of proteins; these include hydrophobic, 
electrostatic, and van der Waals forces (Kirshner and 
Tanford, 1964; Winstead and Hood, 1965; Hong and Forester, 
1969) . 
The results of this study confirm the work of previous 
investigators (Sasaki, 1971; Claeyssens et al., 1971; 
Takenishi, Tsujisaka, and Fukumoto, 1973) that there is a 
g-xylosidase from A. nicer which is distinct from 
3-glucosidase. 
Since g-xylosidase from Aj. niger has been purified by 
four other groups, it is appropriate at this point to compare 
their results to those achieved in this work. In order to 
compare specific activities, the maximum velocities were cal-
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culated by substituting the reported specific activity and 
the Michaelis constant from the literature into the 
Hichaelis-Menten equation. The calculated maximum velocity 
was then corrected as if the assay were determined with a 
saturated concentration of p-nitrophenyl-S-D-xylopyranoside 
at pH 3.0 and 40°C. The calculations are shown in Appendix 
A. The results are presented in Table 8. 
The specific activity from Procedure A is second to that 
of Rodionova, Gorbacheva, and Buivid (1977), but the recovery 
is higher. The specific activities from the procedures are 
comparable to those achieved by other investigators. The low 
overall yield in this work compared to the work of others 
(Claeyssens et al., 1971; Takenishi, Tsujisaka, and Fukumoto, 
1973) could be accounted for by the fact that the ion ex­
change chromatographic steps resulted in considerable activi­
ty loss. 
In contrast to the ^  nicer g-xylosidase recently re­
ported by Rodianova, Gorbacheva, and Buivid (1977) , which has 
a molecular weight of 30,000, the g-xylosidase found in this 
work has a molecular weight close to 200,000, which is in 
accord with the enzyme purified by Claeyssens et &!. (1971). 
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Table 8. 
Comparison of recovery and final specific activity 
of ^  niaer 3-xylosidase 
Assay substrate Cone., Recovery, Pinal Corrected Bef. 
mM % specific final 
activity. specific 
o/ag activity. 
0/mgi 
P-B-D-Xyl 0.5 >2 5.9 19.5 -2 
p-NP-8-D-Xyl 4.0 42 25 25.0 
P-G-D-Xyl 0.5 22 4.2 13.9 
ie-P-D-Xyl 0.34 1 0.3 203.4 -S 
o-HP-e-D-Xyl 2.0 4.8 57.7 94.5 -6 
32.8 15.5 25.4 -7 
19.4 26.7 43.6 - a 
* Activity corrected to p-NP-g-D-Xyl at saturation, 
pH 3.0, and «0®C. 
• Sasaki, 1971. 
' Claeyssens et al., 1971. 
» Takenishi, Tsujisaka, and Fukumoto, 1973. 
* Bodionova, Gorbacheva, and Baivid, 1977. 
• îhis work. Procedure A-1. 
* This work. Procedure B-1. 
• This work. Procedure B-2. 
98 
CHAPTER 5. 
PBOPERTIES OF SOLUBLE p-XÏLOSIDASE 
Introduction 
A thorough knowledge of the properties of the soluble 
enzyme is very essential in choosing the operating conditions 
in a large scale operation. In choosing a set of operating 
conditions, especially in a system involving carbohydrate 
hydrolysis, one needs to operate at a fairly high temperature 
and in a pH range away from neutrality to prevent microbial 
contamination. Moreover, the temperature of operation must 
not be too high, though the rate of hydrolysis increases with 
temperature, because rapid loss in activity results due to 
deactivation. The pH must not be too far removed from the 
value of highest stability for the same reason. In addition, 
the effect of concentration on the activity of the enzyme is 
important, in that the rate of reaction is concentration de­
pendent. The properties of soluble 3-xylosidase which will 
be presented in this chapter are the effect of temperature 
and pH on the activity and stability of the enzyme, and the 
Michaelis constant on the three substrates, o-nitrophenyl-
P-D-xylopyranoside, p-nitrophenyl- B-D-xylopyranoside, and 
xylobiose. 
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Literature Review 
3-Xylosidases from different origins have been shown 
to exhibit physical, chemical, and mechanistic properties 
characteristic of their source. 
Charonia lampas g-xylosdiase was found to have an 
optimal pH for activity between 3.6 and 4.6. The Hichaelis 
constant for p-nitrophenyl- g-D-xylopyranoside was 2.3mM. 
This enzyme was activated by NaCl, but was inhibited by p-
chloromercaric benzoate (PCHB) (Pukuda, Huramatsu, and Egami, 
1969) . 
Patel and Tappel (1969b) have shown rat kidney lysosomal 
g-xylosidase to have a pH optimum of 5.0 and to be quite 
unstable below pH 3.0. The Hichaelis constants for the 
hydrolysis of p-nitrophenyl- 0-D-xylopyranoside and 
p-nitrophenyl- g-D-glucopyranoside were 2.5mM and 0.87mM, 
respectively. The enzyme was inhibited, by 6-gluconolactone 
with an inhibition constant of 2.9mM, competitively by 
4>methylumbelliferyl-3-D-glucopyranoside, a substrate for 
3-glucosidase, and by PCMB. The latter indicates the in­
volvement of a sulfhydryl group at the active site. 
The same authors have also shown that rat liver 
lysosomal g-xylosidase had a pH optimum of 5.2 and Hichaelis 
constants of 4.05mH and 1.45mn for the hydrolysis of 
p-nitrophenyl- 8-D-xylopyranoside and p-nitrophenyl- G-D-
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glucopyranoside, respectively. Similarly, this enzyme was 
competitively inhibited by 6-gluconolactone and PCMB (Patel 
and Tappel, 1969a). 
Rat cerebral cortex g-xylosidase exhibited a sharp pH 
activity profile with an optimum at pH 4.2, and a rapid loss 
in activity after 1 h above 30®C. The purified enzyme was 
inhibited by magnesium chloride and mercuric chloride, and 
activated by n-ethylmaleimide and physostigmine. The 
Nichaelis constant for the hydrolysis of p-nitrophenyl-
3-xylopyranoside was 2.7mM. The purified enzyme also 
hydrolyzed modified chondroitin sulfate, producing xylose 
(Bosmann and Hemsworth, 1971). 
Pig kidney B-xylosidase is competitively inhibited by 
6-gluconolactone and noa-competitively inhibited by NaCl. 
The latter effect was pH dependent and was most marked at pH 
4.0, where 0.25H NaCl produced 90% inhibition (Robinson and 
Abrahams, 1967). 
Kersters-Hilderson et al. (1969) found the maximal ac­
tivity of pumilus B-xylosidase to be in the range pH 7.0 
to 7.3, while the maximal stability was obtained at the 
alkaline side of pH 7, characteristic of many bacterial 
carbohydrases. The isoelectric point of the enzyme at 
was pH 4.4. Unlike gastropod and pig kidney g-xylosidases, 
NaCl and KCl had no pronounced influence on B^, pumilus 
6-xylosidase activity, though the latter was activated by so-
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diun sulfate and potassium sulfate. In a kinetic study of B. 
pumilus P-xylosidase with 14 paca-substituted phenyl- 3-D-
xylopyranosides. Van Doorslaer, Kersters-Hildecson, and De 
Bruyne (1976) found that Michaelis-Nenten kinetics were fol­
lowed by all phenylxylopyranosides except p-nitrophenyl- g-D-
xylopyranoside, and that the logarithm of the maximum 
velocity increased with increasing hydrophobicity of the 
substituent. From the dependence of the maximum velocity on 
the substituent, it was concluded that the release of the 
aglycon moiety was the rate-limiting step in the hydrolysis 
of para-substituted phenyl- g-D-xylopyranosides. 
In a recent investigation of the molecular properties 
and oligomeric structure of pumilus g-xylosidase 
(Claeyssens et al., 1975), the absorption coefficient at 260 
nm as determined by the dry weight method was found to be 
1.78, and sedimentation velocity studies revealed the 
presence of two components with sedimentation coefficient 
(S20w) values of 10.OS and 6.6S. After glutaraldehyde 
crosslinking, two enzymically active components, with 
apparent molecular weights of 126,000 and 243,000 daltons, 
were isolated by preparative sucrose gradient 
ultracentrifugation and confirmed by analytical disc 
electrophoresis. These results, according to the authors, 
indicated the possibility of several oligomeric forms of 
native pumilus g-xylosidase in solution. This enzyme 
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also possessed a carbohydrate content of less than 0.5%. The 
hydrolysis of aryl- &-D-xylopyranoside by this enzyme 
proceeded with inversion of configuration, since a-D-xylose 
was the initial reaction product. This characteristic, ac­
cording to the authors, raised the possibility that this 
enzyme might be an ezo-glycanase, rather than a glycoside 
glycohydrolase (Van Doorslaer, Kersters-Hilderson, and De 
Bruyne, 1976). 
3-Xylosidases of fungal origin exhibit a broad pH sta­
bility range and relatively high temperature stability, 
traits typical of fungal carbohydrases. The g-xylosidase of 
the fungus Chaetomium trilaterale showed an optimum at pH 4.5 
at 55*0 and was stable in the pH range of 4.2-8.0 at 
temperatures below SO^C, but lost most of its activity after 
10 min at 10'*C, The Nichaelis constant for the hydrolysis of 
phenyl- g-D-xylopyranoside was 3. ImM (Kawaminami and lizuka, 
1970) . 
Pénicillium wortmanni B-xylosidase had an optimum pH of 
3.3 at 250c and was most stable between pH 5.9-6.0. It had a 
molecular weight of about 100,000 daltons and an isoelectric 
point at pH 5.0. The Nichaelis constant value for the 
hydrolysis of p-nitrophenyl- g-D-xylopyranoside was 0.121mH. 
The enzyme was found to be a glycoprotein, containing 23% 
carbohydrate (Oeleyn et al., 1978). 
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&. niqer g-xylosidase exhibited a pH optiaua between 
3.0 and 4.0, stability ovec the broad pH range of 3.5 to 7.0 
at 25*0, and an isoelectric point of pH 4.3-4.6 (Claeyssens 
et al.. 1971; Sasaki, 1971; Takenishi, Tsujisaka, and 
Fukumoto, 1973). The Hichaelis constant for p-nitrophenyl-
3-D-xylopyranoside vas 0.34mM and the estimated molecular 
weight was 200,000 daltons (Claeyssens et 1971). A. 
niqer B-xylosidase was inhibited competitively by D-xylose, 
D-xylonolactone, the two gluconolactones, and D-xylothio-
pyranose (Claeyssens and De Bruyne, 1965). Claeyssens et &!. 
(1971) have suggested the possibility that ^  ni qer 
g-xylosidase was composed of isoenzymes or isoglycoenzymes, 
as a result of some microheterogeneity revealed during 
isoelectric focusing of the purified enzymes. 
Materials and Methods 
Enzvme 
Properties of B-xylosidase purified by both procedure A 
(B-xylosidase I) and by procedure B (g-xylosidase II) were 
determined. Protein concentration was determined by a 
modified Lowry method (Lowry et a^., 1951). 
Enzvme substrates 
Xylobiose was prepared in our laboratory by Juliana Shei 
by enzymic hydrolysis of larchwood xylan with semipurified 
xylanase C. The hydrolyzate was separated on a Celite-
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charcoal column eluted with a 5% butanol gradient. This 
xylobiose was 100% pure by high pressure liquid 
chromatography and 100% pure by thin layer chromatography* 
p-Nitrophenyl- 3-D-xylopyranoside (lot 69632) was purchased 
from Research Products International. It was 100% pure by 
thin layer chromatography. Anhydrous xylose (lot 430-13919) 
was purchased from Sigma. Ethylene glycol (lot 765546), 
1,2-propanediol (laboratory grade lot 722816), and diethylene 
glycol reagent (reagent grade, lot 755 917) were obtained from 
Fisher. Triethylene glycol (practical grade, lot 2-2936) was 
purchased from Baker, and 1,3-propanediol (lot 264) from 
Mallinckrodt. All other chemicals were analytical grade and 
were obtained from Baker. 
Reducing sugar determination 
When xylobiose was used as substrate, xylose and 
xylobiose concentrations were determined by the Somogyi-
Nelson method (Nelson, 1944; Somogyi, 1945, 1952). Aliguots 
of 0.5 ml of reaction mixture were added to 1.5 ml of 0.05H 
acetate buffer in a 25 ml blood sugar Folin tube. Somogyi's 
reagent (2 ml) was added immediately with gentle mixing. The 
mixture was then placed in a 95®C ethylene glycol bath for 30 
min, after which the tube was cooled for 5 min in a cold 
water bath. Nelson's reagent (2 ml) was then added and the 
tube agitated with a mechanical vortex mixer. The solution 
was allowed to stand for 10 min and the total volume brought 
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up to the 25 111 mark vith distilled water. The tubes were 
then inverted tubes 3 to 5 times in order to mix the diluting 
water with the Nelson-Somogyi reagent. After 30 min from the 
time Nelson's reagent was added, the absorbanee of the solu­
tion in a 1 cm path length cuvette was determined at 500 nm 
with a Beckman DO spectrophotometer modified with a Gilson 
Model 252 update system. 
Thin laver chromatography 
Thin layer chromatography was used to follow the enzymic 
hydrolysis of xylobiose. The procedure of Commerford and 
Scallet (1965) was followed with the following exceptions: 
ascending rather than descending chromatography was used, 
thin layer plates instead of paper were employed, and slight­
ly different solvent composition and double rather than 
single development were used. Samples of 10-50 pi were 
spotted on Sil G-2 5 TLC plates manufactured by Analtech and 
distributed by Fisher Scientific. These plates, 20 x 20 cm, 
had a layer of 250 ym silica on glass. They were developed 
at room temperature with a 6:3:2 ethyl acetate/acetic 
acid/water solvent (Ovodov et al., 1967). After 3 h, when 
the solvent front had ascended to the top of the plate, the 
plate was air-dried at room temperature and developed a sec­
ond time with the same solvent. After the second drying, the 
plate was sprayed with a 1:1 volumetric mixture of 0.2% 
naphthoresorcinol in methanol and 20% sulfuric acid in water. 
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and heated at 100*0 foe 10 min (Randerath, 1966}• In ail 
experiments a control assay without enzyme vas also 
performed. This TLC system was able to detect 0.1 yg of 
xylose or xylobiose. 
Effect of buffers on 6-xvlosidase activity 
Acetate, citrate, Tris-citrate, and citrate-phosphate 
buffers of concentrations of 0.05, 0.05, 0.04, and 0.035M, 
respectively, ionic strength 0.05M, and pH 4.0 were used in 
the standard assay. 
Effect of temperature and pH on activity 
The temperature activity experiment was performed using 
the standard assay methods described in Chapter 4, with 
o-nitrophenyl- 3-D-xylopyranoside as substrate at different 
temperatures between 30° and 85*0. For the pH activity ex­
periment, the standard assay was also used except that the 
substrates o- 2Uid p-nitrophenyl- B-D-xylopyranoside were 
dissolved in 0.037511 Tris-citrate buffer, 0.042H ionic 
strength, or 0.05N Hcllvaine buffer, 0.116H ionic strength, 
with g-xylosidase I the incubation period was 45 min. 
Effect of temperature and pH on stability 
Enzyme solution in 0.05H acetate buffer at pH 4.0 was 
incubated at different temperatures. Aliguots of 50-200 yl 
were withdrawn at regular intervals into cold test tubes con­
taining 0.8-0.95 ml of 0.05M acetate buffer at pH 4.0 for 
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assay. For the pH stability experiment, enzyme solution 
diluted 10-fold with 0.0375M Tris-citrate buffers of 0.0W2M 
ionic strength or 4-fold with 0.05(1 Hcllvaine buffer of 
0. 118H ionic strength were incubated at 65*0. Aliquots of 
lOO-ÏOO pi were withdrawn at regular intervals into a cold 
test tube containing 0.8-0.9 ml lOOmH acetate buffer at pH 
4.7 for assay. The pH of the assay was changed since 
aliquots of enzyme solution at different pH's were used, and 
the high buffering capacity of acetate buffer at pH 4.7 was 
needed to keep the pH constant during the assay period. 
Effect of polyols on B-xvlosidase activity 
The effect of mono- and dialcohols on g-xylosidase ac­
tivity was investigated in a 2 ml assay mixture which con­
tained 0.02 or 0.025 ml of g-xylosidase solution, 1 ml of 
4mN o-nitrophenyl- B-D-xylopyranoside dissolved in 0.0511 so­
dium acetate buffer at pH 4.0, and 0.98 or 0.975 ml of vary­
ing amounts of buffer and alcohol at 40<*C. 
Two types of control experiments were performed to check 
if the alcohols affected the substrate or the product of re­
action. One contained 1 ml of substrate and 1 ml of buffer 
and alcohol, while the other contained 0.02 or 0.025 ml of 
enzyme solution, 1 ml of substrate solution and 0.98-0.975 ml 
of buffer. To these assay mixtures were added 2 ml of 
alcohol and 20% sodium carbonate. Neither of the controls 
showed any effect on the substrate or product of reaction. 
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Effect of xylose on 6-xylosidase activity 
The extent of xylose inhibition of B-xylosidase was in­
vestigated by incubating 0.025 ml of enzyme solution, 1 ml of 
4mM o-nitrophenyl- 3-D-xylopyranoside dissolved in 0.05H so­
dium acetate buffer at pH 4.0, and 1 ml of varying amounts of 
buffer and 0.2M xylose solution dissolved in buffer. A con­
trol with no xylose solution but buffer was also performed. 
Hydrolysis of xvlobiose bv 6-xylosidase II 
The hydrolysis of xylobiose at three different 
concentrations waus followed by incubating 0.1 ml of enzyme 
solution with 1, 0.7, and 0.4 ml of xylobiose solution (2.29 
mg/ml) dissolved in 0.05M acetate buffer, pH 4.0, and 0.9, 
1.2, and 1.5 ml of buffer, respectively. Control assay 
mixtures containing 1, 0.7, and 0.4 ml of the same xylobiose 
solution and 1, 1.3, and 1.6 ml of 0.05M acetate buffer, re­
spectively, were prepared. These assay mixtures were 
incubated at 40*0, and 10 yl aliguots were taken at intervals 
and spotted on TLC plates. 
Determination of Hichaelis constants for soluble B-Xvlosidase 
ÎI 
The Hichaelis constant of 6-xylosidase for the 
hydrolysis of o-nitrophenyl- B-D-xylopyranoside and p-
nitrophenyl- B-D-xylopyranoside was determined using a 2 ml 
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assay mixture containing 0.05, 0.1, or 0.2 mi enzyme solu­
tion, 1 ml of substrate in 0.05H acetate buffer, pH 4.0, at 
different initial concentrations (O.OSmH to 3.6mN), and the 
remaining volume made up of buffer at UO^C. The incubation 
times were changed so that conversion was less than 10%. 
The Michaelis constant for the hydrolysis of zylobiose 
could not be determined by the initial rate method because of 
the high initial absorbaace reading of xylobiose, which leads 
to low precision. In order to circumvent this problem, the 
time course of hydrolysis was followed by substituting the 
absorbance reading into an integrated form of the Michaelis-
Henten equation according to the method of Klesov and Berezin 
(1972). They used this method to determine the Michaelis 
constant for trypsin hydrolysis of N-acetyl-L-phenylalanyl-L-
lysine methyl ester, as well as the inhibition constant of 
this reaction by 1-methyl-2-aminoiadole. The characteristic 
of the system that was monitored was the pH. ks pointed out 
by these authors, this method can be used to determine the 
kinetic constants of any enzyme in which a characteristic of 
the system can be linearly related to the concentration of 
the product. In this study the linear relationship between 
absorbance at 500 nm and the concentration of xylose and 
xylobiose in the Nelson-Somogyi assay was made use of in the 
derivation which is presented below. 
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The hydrolysis reaction was performed at two 
concentrations. In the first, 25 ml of xylobiose solution 
(0.82 mg/ml in 0.05M acetate buffer, pH U.O) were added to 
22.5 ml of buffer and 2.5 ml of enzyme solution (0.041 
mg/ml). The second reaction mixture contained 15 ml of 
xylobiose solution (1.716 mg/ml), 13.5 ml of buffer solution, 
and 1.5 ml of enzyme solution (0.041 mg/ml) determined by the 
Lowry method. All but the enzyme was allowed to stand in a 
40*0 water bath for 15 min before the enzyme solution was 
added. Aliguots of 1 ml and 0.5 ml were removed from the two 
mixtures, respectively, at regular intervals for Somogyi 
assay. Aliguots of 0.1 ml were also removed from each mix­
ture for thin layer chromatography. 
For each mixture a control assay tube with the same con­
centration of xylobiose as in the reaction mixture with buf­
fer substituted for enzyme solution was assayed to determine 
the initial absorbance of the reaction mixture. The reaction 
mixture was assayed over a period of 4 h. 
Based on the two-step mechanism for ^  niqer 
3-xylosidase proposed by Van ffijnendaele and De Bruyne 
(1970), the formation of an enzyme-glycosyl intermediate by 
glycoside glycohydrolases (Fink and Good, 1974; Fink and 
Angelides, 1975) and the fact that g-xylosidase is 
competitively inhibited by xylose and exhibits transferase 
activity, the rate equation for the hydrolysis of xylobiose 
Ill 
can be developed from the following scheme: 
k ,  kg  k^  
E + —>• EXo s: EX —-—E + X, 5.1 
'2 ^  
'-1 
X 
^4^2 
"3 
E + X-
Ignoring transfer reactions, the scheme becomes 
E + X 2 ^  EX, 
kg kg 
•*- EX T >• E + X. 5.2 
'-1 A T 
-3 
X 
Assuming EX and EXg are at equilibrium, we may use the stan* 
dard rate equation for enzymatic reactions affected by com­
petitive inhibition 
V2 5.3 
where 
Vm = k2So 
Km 
\ = ks/k-s. 
Because of the high initial absorbance value of 
xylobiose, we must carry out the whole reaction, rather than 
determine the initial rate. Therefore, the rate equation 
must be integrated. Since 2 moles of xylose are produced for 
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every mole of xylobiose that is hydrolyzed, the xylose con­
centration is related to the xylobiose concentration as shown 
be low ; 
X = 2(Xgg - Xg). 5.4 
This relationship is substituted into the rate equation and 
integrated to give the following kinetic expression; 
% ^2 ^x 
The equation relating absorbance values to concentration is 
derived as follows; 
5.6 
" d 
A = a* + a*2 5.7 
= a* + a^x2o - x/2) 
where B and C are the extinction coefficients of xylose and 
xylobiose respectively, d is the dilution factor and Aq is 
the initial absorbance value. 
Subtracting Equation 5.6 from 5.7 and solving for X 
results in: 
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X - da(A - ) 5.8 
where 
" 2B - Ç • 5.9 
The final absorbance value, is related to the initial 
xylobiose concentration: 
2X, B 
A. = . 5.10 
Subtacting Equation 5.6 from 5.10 and solving for X20 gives 
*20 = - Ao) 
Xg = ^2o ~ X/2 • 5.11 
Substituting Equations 5.9 and 5.10 into 5.11 gives 
Xg = - A). 5.12 
Substituting for X, X2, and X20 the kinetic expression 
results in the final forms: 
m X 00 X m 
11* 
Km,Kx - A„) A„ -_A^ 
i  v / a  —  7 v \  j  • ' * " 7  
A - Ao \ Kx'A - ^ o' A„ - A 
. ,^ x 5.14 
( Kx 'zVm ' 
The Hichaelis constant and maximum velocity are determined 
from the slope and intercept of the plot of t/(A-Ao) versus 
1/(&-Ao) Cln(à„-ào)/(Aoo-à) ). 
This final equation is different from that of Klesov and 
Berezin (1972) 
.. . . . 
a[l - r^] ^ 
in which it is required that experimental points be taken at 
constant time intervals, A. For this experiment this would 
have meant subracting two consecutive high absorbance values 
A' and A, which are absorbances taken at times t+ At and t. 
Results 
Effect of PH on 6-xvlosidase activity 
The optimum pU for hydrolysis of both o- and 
p-nitrophenyl-3-D-xylopyranoside in Mcllvaine buffer of 
0.118H ionic strength was 3.1 for G-xylosidase II, while the 
optimum pH for o-nitrophenyl- 0-D-xylopyranoside in Tris-
citrate buffer of 0.042M ionic strength was 3.65 (Figure 22) 
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0.20 
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00 
X 
0,10 QQ 
Ll_ 
0.05 
0 . 0  
pH 
A 3-Xylosidase I with o-NP-3-D-Xyl as substrate 
B 3-Xylosidase II with o-NP-3-D-Xyl as substrate 
C 3-Xylosidase II with p-NP-3-D-Xyl as substrate. 
Figure 22. Effect of pH on the activity of 3-xylosidase 
at 40®C. 
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for 3-xylosidase I. The activity of 0-xylosidase II also 
varied with buffer, as it vas most active in 0.05M citrate 
buffer and least active in Tris-citrate buffer (Table 9). 
Effect of temperature on activity of soluble B-xvlosidase 
k plot of In (activity) vs. reciprocal absolute tempera­
ture demonstrated that 3-xylosidase activity followed an 
Arrhenius relationship up to VO^C (Figure 23). Op to this 
temperature the energy of activation was 11.95 ± 0.76 
kcal/mol for 3-xylosidase I and 12.80 ± 1.00 kcal/mol for 
g-xylosidase II, sufficiently close that their 95% confidence 
limits overlapped. The ranges quoted here and subsequently 
at various points in this work are the 9 5% confidence limits. 
A slight inflection was observed between 50 and 55*0; 
however, energies of activation obtained from the resulting 
straight lines were less precise than those for the complete 
temperature range. 
Effect of temperature on stability 
with 3-xylosidase I, the half-lives determined by 
assuming first-order decay increased from 0.14 h at 75°C to 
113 h at 6 2**C, yielding an activation energy of 124.6 t 33.4 
kcal/mol (Figure 24). Though the decay of 3-xylosidase II 
was not first-order, half lives measured by the time when 
half of the original activity remained were 0.083 h at 75®C 
and 1.9 h at 70*0. This enzyme was considerably more stable 
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Table 9. 
Effect of buffer on activity 
of 3 -xylosidase II at pH 4.0 and 40*C 
Buffer conc., Activity, 
Buffer M 0/ml 
Citrate 0.05 0.942 
Acetate 0.05 0.919 
Citrate- 0.035 0.890 
phosphate 
Tris-citrate 0.04 0.833 
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Figure 23. Effect of temperature on the activity 
of 3-xylosidase at pH 4.0. 
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Figure 24. Effect of temperature on the stability 
of soluble g-xylosidase at pH 4.0. 
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at 65*0 than g-xylosidase I (Figure 25)• 
Effect of PH on stability 
pH was found to have a strong influence on 
G-xylosidase stability. The optimum pH for B-xylosidase I was 
between pH 4.0 and 4.5 at 65*0, with stabilities being very 
low at both pH 3.5 and pH 5.5 (Figure 26). With 
G-xylosidase II the optimum pH was between pH 4 and 5. It 
was more stable than 3-zylosidase I at intermediate pH's 
(Figure 27). 
Effect of polYols on 6-xvlosidase activity 
All six alcohols tested increased the rate of o-
nitrophenyl- 3-D-xylopyranoside hydrolysis (Figure 28). In 
all cases maximum rates were obtained between alcohol 
concentrations of 3% and 10% (v/v), higher concentrations 
leading to enzyme inhibition. 1,2-Propanediol at 2.5% to 
5.0% volume concentration increased the hydrolysis rate 3.5 
times over the rate when no 1,2-propanediol was present. 
1,3-Propanediol was not as effective as 1,2-propanediol in 
this concentration range, but higher rates were achieved at 
25% concentration than with any other alcohol. 
Effect of xylose on B-xvlosidase activity 
g-Xylosidase activity is inhibited by xylose, 50% inhi­
bition being achieved at a concentration of about 60mM 
(Figure 29). The estimated inhibition constant from these 
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Figure 25. 
40 60 
ELAPSED TIME, h 
Effect of temperature on the decay 
of 3-xylosidase II at pH 4.0. 
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Figure 26. Effect of pH on the stability 
of S-xylosidase at 65®C. 
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Figure 27. Effect of pH on the decay of 3-xylosidase II 
at 65°C. 
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Figure 28. Acceleration of B-j^losidase catalyzed hydrolysis of o-nitrophenyl-
B-D-xylopyranoside at pH 4.0 and 40°C by addition of polyols. 
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Figure 29. Inhibition of soluble 3-xylosidase with xylose 
at 40°C and pH 4.0 in the presence of 2inM 
o-nitrophenyl-3-D-xylopyrano side. 
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data is 5.3mM. Calcalatioas ace shown in Appendix B. 
Hydrolysis product of xvlobiose bv B-xvlosidase 
At a xylobiose concentration of 1.15 mg/ml, xylotriose 
was formed (Figure 30), but at the two lower concentrations 
of 0.801 and 0.458 mg/ml there was no xylotriose spot 
detected by TLC (Figures 31 and 32) . For the higher concen­
tration the xylobiose spot completely disappeared after 3 h, 
while the xylotriose spot increased in intensity and then 
decreased, disappearing after 2 h. At the two low 
concentrations the xylobiose spot completely disappeared 
after 80 min and 2 h, respectively. The only spots detected 
on the control plate (30 min) were those of xylobiose. 
Determination of Hichaelis constants 
The Hichaelis constants of g-xylosidase II for the 
hydrolysis of o- and p-nitrophenyl- B-D-xylopyranoside were 
determined by Lineweaver-Burk, Eadie-Hofstee, and Hanes plots 
(Dixon and Webb, 1964) shown in Figures 33-35. The estimated 
values for hydrolysis of o-nitrophenyl-g-D-xylopyranoside 
are 0.292, 0.227, and 0.232mH and for p-nitrophenyl- G-D-
xylopyranoside are 0.290, 0.307, and 0.365mH by the three 
methods. The approximate 95% confidence intervals were cal­
culated for the values of the Hichaelis constant and maximum 
velocity based on the 97.5% confidence intervals of K^/V^ and 
1/% obtained from the Lineweaver-Burk and Hanes plots. 
127 
15 
10 
XYLOSE 
©0 € • #  :  •  
XrlOBIOSE 
0©0i000O000OO 
XYLOTWOSE 
© 0 © 
"-0 © 00 ©00OOOO000 
_j I L_J L_l I I L_J I I I L 
s 10 20 30 40 SO 60 70 80 90 105 120 ISO 1«0 
TIME, min 
Figure 30. Thin layer chromatography of xylobiose 
hydrolysis at an initial concentration 
of 1.15 mg/ml. 
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Figure 31. Thin layer chromatography of xylobiose 
hydrolysis at an initial concentration 
of 0.801 mg/ml. 
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Figure 32. Thin layer chromatography of xylobiose 
hydrolysis at an initial concentration 
of 0.458 mg/ml. 
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Figure 33. Lineweaver-Burk plot for hydrolysis of o-nitro-
phenyl-g-D-xylopyranoside (o) and p-nitro-
phenyl-g-D-xylopyranoside (0) at 40°C and 
pH 4.0 with soluble g-xylosidase II. 
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Figure 34. Eadie-Hofstee plot for hydrolysis of o-nitrophenyl-
g-D-xylopyranoside (o) and p-nitrophenyl-g-D-
xylopranoside (O) at 40°C and pH 4.0 with soluble 
3-xylosidase II. 
0.15 
0.12 w 
SLOPE = 1/Vmax 
= 0.0356 ± 0.0019 min*mg/uBiol o 
0.09 
0.06 
o 
+1 
i l  
n n 
o 
S 
0.03 
= 0.365mM 
SLOPE = 1/Vmax 
= 0.0320 ± 0.0006 miirmg/vwiol 
= 0.232mM 
0.00 i 
•INTERCEPT = 
I 
0.00740 ± 0.00079 min-wg/ml 
1 
1 2 3 
S, tnM 
Hanes plot for hydrolysis of o-nitrophenyl-g-
D-xylopyranoside (a) and p-nitrophenyl-3-D-
xylopyranoside (O) at 40°C and pH 4.0 with 
soluble 3-xylosidase II. 
Figure 35. 
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These ranges are shown in Table 10. The Eadie-Hofstee plot 
does not allow the same treatment because the dependent vari­
able appears in both sides of the linear equation. The sta­
tistical theory behind the estimated interval is presented in 
Appendix F. 
In view of the experimental errors from pipetting, 
instrumental noise, and imprecise reading that accompany 
kinetic constant determinations, the use of statistical anal­
ysis with weighting function which would give more weight to 
the more accurate observations has been highly recommended by 
enzyme kineticists (Wilkinson, 1961). In keeping with this 
recommendation, an OHMITAB program developed by Dr. Herbert 
Fromm, Professor of Biochemistry and Biophysics, Iowa State 
University, in which initial rate data were fitted to the 
Lineweaver-Buck plot with a normalized weighting function 
proportional to the fourth root of initial rates, was used in 
calculating the Nichaelis constant and maximum velocity 
(Siano, Zyskind, and Fromm, 1975). Estimated values of 
and Vniare shown in Table 10. 
Calculation of kinetic parameters with xvlobiose as 
substrate The profiles for the hydrolysis of xylobiose at 
concentrations of 0.41 mg/ml and 0.858 mg/ml are shown in 
Figures 36 and 37. The final absorbances from both plots, 
0.660 and 0.672, correspond to An, and the initial 
absorbances, 0.295 and 0.300, correspond to Ac in the kinetic 
1 3H 
Table 10. 
Kinetic parameters for P-xylosidase IT 
Treatment of data 95* 95% 
bM Confidence 0/rag Confidence 
range range 
o-NP- g-C-Xyl • soluble ^-xylosidase 
Computer fit 0.201 30.9 
Lineweaver-Eurk 0.292 (0.228-0.374) 33.32 (29.85-38.31) 
Eadie-Hof stee 0.227 31. 20 
Hanes 0.232 (0.148-0.303) 31.29 (30,30-32.50) 
o-NP-0-D-Xyl • immobilized g-xylosidase 
Computer fit 0.262 4.881 
Lineweaver-Burk 0.265 (0. 247-0.283) 4.86» (4.70-5.03) 
Fadie-Hofstee 0.267 
Panes 0.280 (0.178-0.390) 4.921 (4.77-5.10) 
p-NF-G-D-Xyl *- soluble g-xylosidase 
Computer fit 0.362 28. 29 
1 i ne weaver-Bur k 0.290 (0.249-0.342) 26.32 (23.85-29.35) 
Fadie-Hofstee 0.307 26.95 
Hanes 0.365 (0.214-0.541) 28.06 (26. 12-30.33) 
Xylobiose * soluble g-xylosidase 
Integrated 1.34 40.55 
equation^ 1.19 29.50 
1 O/g of carrier. 
* Hichaelis-Menten 
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Figure 36. Hydrolysis profile of xylobiose (initial 
concentration of 0.41 mg/ml) at 40°C and 
pH 4.0 by soluble g-xylosidase II. 
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Figure 37. Hydrolysis profile of xylobiose (initial 
concentration of 0.858 mg/ml) at 40°C and 
pH 4.0 by soluble g-xylosidase II. 
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expression developed in the previous section and repeated 
below: 
_ Km,Kx da (A. - Ac),, A. - A^ a.(Kx - 2KJ 
A„ V_' K (A - A_) ' A_ - A 2K V 
o m X o 00 X m 
The values of t/à-ào and [ln(Am-&o)/(A«-&) ]/(&~Ao) *ere cal­
culated from the absorbance values between 10% to 90% conver­
sion. This is because inherent errors associated with the 
steady state assumptions are very significant outside this 
range (Walter, 1974; Stayton and Promm, 1979). These calcu­
lated values were plotted (Figures 38 and 39) and the values 
of the slope and intercept were used in calculating the 
Hichaelis constant (1.34, 1.19mH) and maximum velocity 
(0,081, 0«059mN/min) in Appendix G. 
The Hichaelis constants calculated from the two 
experiments were fairly close, but the maximum velocities did 
not agree. Moreover, the estimated final concentration of 
xylose from the xylose calibration plot, using the final 
absorbance values of were less than the expected values 
based on the initial concentration of xylobiose in both 
experiments. From the xylose calibration plot the absorbance 
values, 0.660 and 0.672, correspond to xylose concentrations 
of 2.U57mH and S.OOUmN, instead of 2.906mN and 6.086mM, based 
on the initial xylobiose concentrations of 1.453mM and 
3.043mN. These differences amount to 15.5 and 17.8%, respec-
SLOPE = ^ [Kx + da(A^ -
= 23.97 ± 2.47 tnin 
S-"— 
= 1.34mM 
— 
oO 
INTERCEPT = da(K^ - 2K^)/2y^^ = 17.93 ± 2.64 min 
1 i l l !  
2 3 4 5 6 7 8 
(A-A„)-l m [(A„-A^)/(A„-A)] 
Figure 38. Determination of K for xylobiose (0.41 mg/ml 
initial concentration) at 40°C and pH 4.0 
during hydrolysis by soluble 3-xylosidase II. 
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Figure 39. Determination of for xylobiose (0.858 mg/ml 
initial concentration) at 40°C and pH 4.0 
during hydrolysis by soluble 3-xylosidase. 
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tively. This difference in concentration might be doe to 
water of hydration in aylobiose which would result in a 
higher initial estimate of zylobiose concentration, though 
water of hydration would not account for all of the 15-17% 
difference. The other possibilities are the presence of im­
purities in the xylobiose, or that the reaction was not com­
plete. These reasons are nullified by the fact that 
xylobiose was 100% pure by thin layer chromatography. Simi­
larly, the profile of hydrolysis on thin layer chromatography 
indicated that the reaction was complete, as there were no 
other spots other than those corresponding to xylose at the 
end of the reaction time period. 
Discussion 
The properties of niaer G-xylosidase obtained here 
will be compared to those reported by other investigators and 
at the same time compared to those of some nicer glycoside 
glycohydrolases. 
The rate of a chemical reaction increases with tempera­
ture, but in the case of an enzyme reaction the effect of 
temperature is complicated by the fact that enzymes are 
denatured, either reversibly or irreversibly, with loss of 
catalytic activity as temperature increases. Denaturation 
involves the alteration of the active conformation of an 
enzyme due to the rupture of hydrogen bonds and other weak 
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interactions. At iov temperature the activity follows the 
Arrhenius relationship, while at high temperature the effect 
of denaturation is observed and the rate of reaction 
decreases. The temperature at which the activity of the 
enzyme is maximum is often referred to as the optimum temper­
ature, which is dependent on the period of assay, according 
to Dixon and Webb (1964). ^ niaer g-xylosidase activity 
followed the Arrhenius relationship up to 70<*C, with a rapid 
decrease in activity above this temperature. Sasaki (1971) 
reported an optimum temperature of 60<*C, lower than that 
found in this work because the period of assay was 30 min 
instead of 15 min. The activation energies of 11.9 and 12.8 
kcal/mol found for G-xylosidaseg I and 11 hydrolysis of 
o-nitrophenyl-g-D-xyiopyranoside are in the same range as 
the activation energies of other glycoside glycohydrolases 
(Table 11). They are, however, slightly lower than the 
activation energy measured for A^ niger g-xylosidase acting 
on m- and p-nitrophenyl-g-D-xylopyranoside, as determined by 
Van Hijaendaele and De Bruyne (1970). 
A. niger B-xylosidase is an exceptionally stable enzyme 
with a high activation energy for decay. The enzyme studied 
by Takenishi, Tsujusaka, and Fukumoto (1973) exhibited a sim­
ilar high temperature stability, though its activation energy 
was not determined. Takenishi, Tsujusaka, and Fukumoto 
(1973) observed that only 40% of the initial activity was 
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Table 11. 
Activation energies of some A^ niger 
glycoside glycohydrolases ~ 
Enzyme Substrate Temperature 
range, 
oc 
®ACI« 
kcal/mol 
Réf. 
oi-t-arabino- p-oc-L-Ar af 20-60 11.7 -* 
faranosidase 
6-gannosidase p-NP-G-D-Man 10-55 8.4 -z 
ci-Galactosidase p-HP-ot—D-Gal 10-40 16.4 - 3  
g-Galactosidase p-HP*"3-D-Gal 10-40 8.4 - 3  
g-Xylosidase p-NP-B-D-Xyl 30-40 13.3 - *  
m-NP-g-D-Xyl 3 0-40 14.0 - *  
o-NP-6-D-Xyl 35-70 12.8 - 5  
o-NP-g-D-Xyl 30-70 11.9 -  S  
* Tagawa, 1970a. 
X Eouquelet, Spik, and Moatreuil, 1978, 
' lee and Wacek, 1969. 
* Tan Vijasndaele and De Bruyne, 1970. 
» This MorK. 
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lost after 15 ain incubation at 75*0 and pH 5.0. In con­
trast, Ciaeyssens et al. (1971) observed that 25% of the ac­
tivity was lost in 15 ain at 60*0 at pH <1.0, while Sasaki 
(1971) found that 10% of the activity was lost after 10 min 
at 65*0 and pH 4.0, appreciably higher decay rates than those 
measured here or by Takenishi, Tsujisaka, and Pukumoto 
(1973). This enzyme has an activation energy of 124 
kcal/mol. JU nicer a-L-arabinofuranosidase has a similar 
high activation energy, 132 kcal/mol (Tagawa, 1970b). 
It was observed that 0-xylosidase II (specific activity 
28.3 U/mg, protein concentration 23 yg/ml) was more stable 
than 3-xylosidase I, (specific activity 57 U/mg, protein 
concentration 10 wg/ml) and unlike the latter it did not 
decay by first order kinetics, k similar non-linear decay 
curve was observed by Ciaeyssenset al. (1971) with purified 
A. niqer g-xylosidase at 60®C and pH 4.1. The increased 
stability of 3-xylosidase II might be due to the presence of 
other proteins in the enzyme preparation, as protein has been 
implicated in increasing the stability of some enzymes 
(Himeno gt &!., 1975; Di Hatteo, Orfeo, and Borneo, 1976). 
Northrop (1922, 1930) observed that pure pepsin and trypsin 
decayed by first order kinetics, but in the presence of impu­
rities the order of decay was higher than unity. The in­
creased stability appeared to be induced by the inactive pro­
tein present. 
14<4 
According to Laidler and Banting (1973), nonlinear heat 
decay might be due to a number of factors, which include a 
change in protein to a more stable configuration, presence of 
subunits with different decay rates, and inhibition of the 
denaturation process by the denatured protein. 
The second case might account for the nonlinear decay of 
G-%ylosidase II, in view of evidence of subunit structure ob­
served in the presence of ammonium sulfate and the 
microheterogeneity observed during electrofocusing by 
Claeyssens et al. (1971). 
Host enzymes are very sensitive to pH and exhibit an 
optimum pH for activity. This optimum is due to a number of 
factors, which include the effect of pH on the affinity of 
the enzyme for the substrate and the effect of pH on the sta­
bility of the enzyme as well as ionic strength, type of 
anions, and the ionizable groups involved in catalysis (Dixon 
and Webb, 1964). The optimum pH for activity exhibited by A. 
niper g-xylosidase is in the same range as those reported by 
other investigators (Claeyssens ej^ al., 1971; Takenishi, 
Tsujisaka, and Fukumoto, 1973). Lower pH optima of 2.5 and 
2.8 have been reported by Sasaki (1971), who used phenyl-
3-D-xylopyranoside as substrate, and Puis, Sinner, and 
Dietrichs (1977), who used p-nitrophenyl-3 -D-xylopyranoside 
and a crude enzyme. It is not clear from these reports 
whether the ionic strength of the buffers were controlled as 
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was done here. In addition, an acidic pH optimum seems to be 
a characteristic of 1^ niaer glycoside glycohydrolases (Table 
12) .  
Though the effects of buffer have not been fully inves­
tigated in G-xylosidase, Aminoff and Furukawa (1970) ob­
served a shift for 1,2- a-L-fucosidase from Clostridium 
perfrinaens from pH 5.8 in acetate-Veronal buffer to pH 6.3 
in citrate-phosphate buffer, while Makano, Sumi, and Hiyakawa 
(1977) observed a shift fot trehalase from rat small 
intestine from pH 5.7 in phosphate buffer to 1.7 in acetate 
buffer. 
A. niqer 3-xylosidase exhibits a narrow pH stability 
range between pH 4 and 5 at 65oc. This pH effect was also 
reflected in the low yield obtained from the ion exchange 
chromatography columns, which were operated at pU 3.1 and 
6.8. A broader pH stability range has been reported by 
Sasaki (1971) and Takenishi, Tsujisaka, and Fukumoto (1973), 
but these studies were conducted at 25°C and 30*>C, respec­
tively, for 24 h. Since the rate of protein denaturation is 
generally affected by both temperature and pH, a narrower pH 
stability range at higher temperatures would be expected. As 
with the effect of pH on activity, ^  niaer glycoside 
glycohydrolases exhibit an acidic stability range (Table 13). 
This acidic pH characteristic suggests that ^  niaer enzymes 
would be suitable for industrial applications. 
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Table 12. 
Optimum pH for ^  niger glycoside glycohydrolases 
Enzyme substrate pH Réf. 
ot-l-arabino- P-G-L-Araf 3.8-4. 0  - 1  
furanosidase 
1,2-a-L-fucosiàase Me-2-O-a—L— 3.8 -2 
Fuc-a-D-Gal 
a-Galactosidase p-NP-o-D-Gal 1 
00 
.
 
tn 
4. 2 . 3  
P-Galactosidase p-NP-6-D-Gal 3.8-4. 0  - 3  
P-Glucosidase p-NP-&-D-Glc U.5 - 4  
1,2-a-Mannosidase 2-0-a-D-Man2 4.8 - S  
a-Mannosidase p-NP-a-D-Man 4.2 
^Hannosidase p-NP-G-D-Man 3.5-4. 0  - 7  
p-NP-$-D-Man 3.5 «0 
3-Xylosidase p-NP-g-D-Xyl 3.0-•4. 0 - 9  
P-B-D-Xyl 3.0-4. 0 - 1 0  
P-6-D-Xyl 2.5 - 1 1  
p-NP- ft-D-Xyl 2.8 - 1 2  
p-NP-B-D-xyl 3.1 - 1 3  
o-NP-g-D-xyl 3. 1 - 1 3  
o-NP-P-D-Xyl 3.6 - 1 3  
» Tagawa, 1970a. 
a Bahl, 1970. 
' Bahl and Agrawal, 1969. 
• Budick and Elbein, 1974. 
« Swaminathan et al., 1972. 
* Matta and Bahl, 1972. 
^ Elbein, Adya, and Lee, 1977. 
• Bouguelet, Spik, and Montreuil, 1978. 
• Claeyssens et al., 1971. 
*0 Takenishi, Tsujisaka, and Fukamoto, 1973. 
1» Sasaki, 1971. 
>* Puis, Sinner, and Dletrichs, 1977. 
This work. 
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Table 13. 
pH Stability range of ^  niaer glycoside 
glycohydrolases 
Enzyme Temperature, 
oc 
pH range Réf. 
a-i-arabinofntanosidase 60 4. 0-7.0 - 1  
a-Galactosidase 37 3.8-5.8 -2 
$-Galactosidase 37 3.2-4.0 - 2  
3 —N-acetyl-
glucosaiiinidase 
37 3.9-4.6 -2 
a-Nannosidase 37 2.5-7.5 V  3  
1,2-a-Mannosidase 30 1/1
 
# 0
 
1 00
 
o
 
g-Xylosidase 65 4.0-5.0 - S  
* Tagawa, 1970t. 
* Bahl and Agrawal, 1969, 
3 Bouguelet, Spik, «ad Hontreuil, 1978. 
* Swaminathan et 1972. 
* This work. 
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A. nioer B-xylosidase, like most glycoside 
glycohydrolasesf exhibits transferase activity, forming 
xylotriose from xylobiose at concentrations as low as as 
0.14%. This confirms the work of Takenishi, Tsujisaka, and 
Fukumoto (1973) and Sasaki (1971), who had earlier observed 
transferase activity at xylobiose concentration of 1.0 and 
0.2%, respectively. Takenishi, Tsujisaka, and Fukumoto 
(1973) also observed that the transfer reaction efficiency 
increased with concentration of substrate, while the percent 
of hydrolysis decreased. 
In the presence of 1,2-propanediol, 1,3-propanediol, 
diethylene glycol, triethylene glycol, ethylene glycol, and 
glycerol, the rate of hydrolysis of o-nitrophenyl-$-D-
xylopyranoside at pH 4.0 and 40*0 was accelerated. For 
ethylene, diethylene, and triethylene glycols the 
accelerating effect decreased in this order. In addition, 
1,2-propanediol was more effective than 1,3-propanediol as an 
activator. The activating effect of polyols decreased as the 
concentration increased, indicating some form of inhibition. 
Glycerol stands out, in that its inhibitory effect occurred 
at a lower concentration than that of any other polyol 
tested. This is not surprising, as the inhibitory effects of 
glycerol on glycoside glycohydrolases at concentrations as 
low as 50mH has been observed (Kelemen and Whelan, 1966). 
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Claeyssens et al* (1971) noted that primary, secondary, 
tertiary, and cyclic alcohols at low concentrations increased 
both the Hichaelis constant and maximum velocity of niger 
6-xylosidase hydrolysis of p-nitrophenyl- B -D-xylopyranoside. 
Transferase activity increased with increasing 
hydrophobicity of the alcohol, just as was observed with the 
hydrolysis of n-alkyl xylosides. In view of these results, 
the authors concluded that the acceptor and aglycon 
specificities of the alkyl xylosides were controlled by 
hydrophobic interactions of the alkyl moiety with specific 
aglycon or acceptor sites at or near the active site of the 
enzyme. Because of this high transferase activity, ^  niger 
6-xylosidase would appear to be a poor candidate for the 
final step in xylan hydrolysis, as extensive side products 
would be obtained at the high concentration of 
xylooligosaccharides one would expect from xylan hydrolysis. 
Xylose was observed by Claeyssens et al. (1971) to in­
hibit niger g-xylosidase, but the inhibition constant of 
5.3nM at pH 4.0 found in this work was higher than the 2.5mM 
determined at pH 3.0 by them. In view of the high inhibition 
constant, it can be inferred that this enzyme has a lower 
affinity for xylose than either of the substrates tested in 
this study, fith niger g-xylosidase, 50% inhibition of 
hydrolysis of o-nitrophenyl-g-D-xylopyranoside occurred at 
60mH xylose, while Sasaki (1971) observed 50% inhibition of 
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hydrolysis of phenyl-B-D-xylopyranoside at a xylose concen­
tration of 15aH. 
A. niqer 6-zylosidase exhibits a slightly higher 
affinity for o-nitrophenyl- B-D-xylopyranoside than for p-
nitrophenyl- B-D-xylopyranoside, as reflected in Hichaelis 
constants of 0.201 and 0.362mM for the two substrates, re­
spectively. The Hichaelis constant for p-nitrophenyl- g-D-
pyranoside found in this study agrees with the value reported 
by Claeyssens et §1. (1971), 0.35mM, for ^  niqer 
B-xylosidase, and that of Reese, Maguire, and Parrish (1973), 
0. 3-0.5bH, for B-xylosidase from J^a. niqer and £X wortmanni. 
In addition, Beese, Naquire, and Parrish (1973) found that k, 
niqer g-xylosidase was more active on p-nitrophenyl- 3-D-
xylopyranoside (100:87) at a concentration of 3mM, which is 
contrary to what was found in this study at a similar concen­
tration (91:100). 
The Hichaelis constant for the hydrolysis of xylobiose 
by ^  niqer g-xylosidase had never been determined, but that 
for B-xylosidase from puailus has recently been measured 
at 4.64mH by Kersters-Hilderson gt a],. (1977), using a 
coupled reaction of a-D-xylose isomerase with D-glucitol 
dehydrogenase. This is higher than the values of 1.19 and 
1.34mH found for 4^ niqer g-xylosidase, but the for 
hydrolysis of p-nitrophenyl-6-D-xylopyranoside by &. pumilus 
g-xylosidase was also higher (1.39mH) (Kersters-Hilderson gj^ 
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al ». 1970) than the value of 0.361mN found in this work* The 
maximum velocity for the hydrolysis of xylobiose vas of the 
same magnitude as the rate of hydrolysis of p-nitrophenyl-
B-D-xylopyranoside (Table 10) whereas Kersters-Hilderson et 
al. (1977) found that with the pumilus g-xylosidase the 
maximum velocity for the hydrolysis of xylobiose was about 3 
times the rate of hydrolysis of p-nitrophenyl-& -D-
xylopyranoside (66.5 O/mg : 28.34 0/mg). 
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CH&PTEB 6. 
IMMOBILIZATION OF &-XÏLOSIOASB 
Introduction 
Immobilized enzymes offer many advantages over soluble 
enzymes as industrial catalysts. These include the capabili­
ty of repeated reuse, continuous process operation, improved 
product quality, and often broader environmental stability 
with respect to pH and temperature, compared to the soluble 
form. 
Immobilization techniques have been classified into four 
basic categories; 
(1) Physical adsorption, 
(2) Entrapment into gel lattices, 
(3) Covalent croSslinking by means of a bifunctional 
reagent, and 
(U) Covalent bonding to an insoluble carrier. 
In some cases the combination of two or more categories has 
been used (Bihari and Ghose, 1976). 
Adsorption involves the attraction of opposite electri­
cal charges or weak physio-chemical bonding forces. It is 
the oldest, cheapest, and simplest method of immobilizing 
enzymes, but its major disadvantage is the desorption of 
enzymes in the presence of substrate impurity or concentrated 
electrolyte. 
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Entrapment, which was originally developed for medical 
application, involves the formation of a water insoluble 
polymer of stable gel in a solution containing the enzyme. 
The major drawbacks are the continuous loss of activity and 
the large diffusional barriers to the transport of substrate 
and product, which lead to reaction retardation, particularly 
with high molecular weight substrate. 
Covalent crosslinking is the only method that does not 
utilize an insoluble support, as immobilization is achieved 
via bifunctional reagents which induce intermolecular 
crosslinking. The disadvantages of this method are that the 
immobilized enzymes are gelatinous in nature and somewhat 
difficult to handle, and that the active site may be 
sterically blocked or hindered due to molecular interaction. 
Covalent bonding is the most widely used immobilization 
method. It involves the preparation of an activated support, 
followed by the reaction of the activated support with 
functional groups on the enzyme that are not essential for 
its catalytic activity. Enzymes immobilized by this method 
are more resistant to leakage than those immobilized by any 
of the other methods. 
The type of carrier used for immobilization is also im­
portant. Carriers must be durable and rigid under operation­
al conditions, have resistance to both chemical and microbial 
attacks, have a high surface area, and be cheap, inert and 
154 
easily available. Moreover, immobilization to the carrier 
should be simple, and the physical properties of the enzyme 
should not be drastically changed by immobilization. 
g-Xylosidase has been immobilized to different 
carriers. These carriers are: 
1) Enzorb-A. a phenozyacetyl cellulose carrier, binds 
enzymes by hydrophobic adsorption. In aqueous solution 
hydrophobic groups on both carrier and enzyme molecules in­
teract preferentially with each other and with other nonpolar 
groups. Immobilization on this carrier is simple and 
relatively insensitive to changes in pH, salt concentration, 
and temperature (Butler, 1975) . 
2) Enzacrvls. a group of hydrophilic copolymers with a 
high proportion of acrylamide or acrylamide derivatives. 
They have a high surface area and the copolyacrylamide mate­
rial ensures little or no physical adsorption of enzymes on 
the matrix. They are chemically stable and inert to 
microbial degradation (Epton and Thomas, 1971). Pour types 
of Enzacryl carriers, which differ in the functional groups 
involved in covalent bonding with enzymes, have been investi­
gated. They are Enzacryl A&, which contains aromatic amino 
residues, Enzacryl AH, which contains acyl hydrazide groups, 
Enzacryl Polythiolactone, with a thiolactone ring, and 
Enzacryl Polythiol, a crosslinked copolymer of acrylamide and 
S-acryloy1-cysteine with the sulfydryl groups of the latter 
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acting as functional groups. Enzacryl kh and Enzacryl 
Polythiol couple with phenolic residues of tyrosine and the 
sulfydryl group of homocysteine, respectively, while the 
other carriers couple with the side chain amino groups of 
lysine or at the free amino terminals of the protein chains 
(Epton and Thomas, 1971). 
3) Sepharose C1-4B. a crosslinked gel of agarose which 
is more resistant to chemical and microbial attack and more 
rigid than most hydroxylie enzyme carriers. Coupling of the 
enzyme occurs through covalent bonding of free amino groups 
of the enzyme to the imidocarbonate group of the cyanogen 
bromide activated gel (Porath et &!., 1973). 
4) Bioael P-2. a crosslinked hydrophilic and nonionic 
polymer of polyaccylamine. It is chemically stable, and 
enzyme coupling occurs by covalent binding between free amino 
groups of the enzyme and the carboxylic group of the 
glutaraldehyde activated gel (Inman and Dintzis, 1969). 
5) Alkvlamine porous silica, which has been used in a 
pilot plant operation here at Iowa State (Lee ej^ &!., 1976). 
It is inert to microbial attack and chemically and 
mechanically stable. The pore diameter and particle size, 
which has been shown to affect activity of the immobilized 
enzyme, can be easily controlled (Messing, 1974). Enzyme 
coupling occurs via a Schiff base linkage between the 
carbonyl group on the activated alkylamine silica and an 
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amino group of the enzyme (Messing and Heetall, 1970) . 
6) Stainless steel, which has received widespread use 
industrially for reactors, not only for its mechanical 
strength, but also because of its inertness to chemical as 
well as microbial attack. Coupling of enzyme to this carrier 
is believed to occur by coordinate linkage between titanium 
oxide on the stainless steel and the enzyme (Emery et ^1., 
1972) . 
7) Porous alumina, which has similar physical 
characteristics to silica. Enzyme coupling is similar to 
that of stainless steel. 
Literature Review 
Puis, Sinner, and Dietrichs (1977) recently reported 
immobilizing g-xylosidase from ^  niger. previously 
extracted with buffer and partially purified by ammonium 
sulfate precipitation, on Corning silanized silica glass 
beads (CPG 550) and silica gel (Herckogel SI 500 % and 1000 
o 
A). Both carriers were activated with glutaraldehyde and 
1-cyclohexyl-3- (2-morpholinoethyl) -car bodiimide metho-p-
toluenesulfonate (CMC) and titanium tetrachloride. The 
coupling of enzyme to carriers activated with glutaraldehyde 
was conducted at pH 6.5 and 4.0, while coupling to CMC and 
titanium chloride carrier was carried out at pH 4.0. The 
highest activity of 5.2 O/g was obtained with CPG 550 
157 
activated with CMC, while titanium tetrachloride activated 
Merckogel showed the least activity, 0.16 U/g. with 
3-xylosidase coupled to silanized CPG 550 activated with 
glutaraldehyde at pH 4,0, where the maximum activity was less 
than 1,33 n/g, the optimum pH was shifted from 2,3 in a 
10-min assay for the soluble enzyme to 4,5 in a 60-min assay 
for the immobilized enzyme. The pH stability optimum over a 
period of 15 h changed from pH 3-4 at both 4°C and 40®C for 
the soluble enzyme to 2,5-5,0 at 40C and 3,5-4,0 at 40®C for 
the immobilized g-xylosidase. In addition, the optimum tem­
perature at pH 3,0 dropped from éS^C in a 10-min assay for 
the soluble enzyme to 54®C in a 60-min assay for the 
immobilized 3-xylosidase, It was also claimed that the sta­
bility range was increased from 50® to 65°C for 1 h 
incubation after immobilization, which contradicts the 
earlier optimum temperature change. 
Materials and Methods 
Immobilized enzyme carriers 
ftlkylamine porous silica of 30-45 mesh (354-595 ym) par­
ticle size and 400 nm ± 1054 pore diameter was donated by 
Corning Glass Works, Corning, New York, Enzorb-A columns (6 
mm diameter and 100 mm length, containing 1 g of 
phenoxyacetyl cellulose, lot 2612) were purchased from Regis 
Chemical Company, Morton Grove, 111. Enzacryl &A, AH, 
158 
Polythiolactone, and Polythiol, all of lot 92017, were ob­
tained from Aldrich Chemical Company, Inc., Milwaukee, Wise. 
Sephacose CL-4B-200 (lot 127C-0265) was purchased from Sigma 
Chemical Company, St. Louis, Mo. Bio-Gel P-2 (100-200 mesh, 
lot 129692), from Bio-Bad Laboratories, was a gift from Pro­
fessor J. F. Robyt, Iowa State OniVerëity. 
Stainless steel5316L (100-200 mesh, lot 510576 
BN-16109FB), which was nonporous, was donated by Glidden 
Metals, Cleveland, Ohio. Porous activated alumina 
(chromatographic grade, 80-200 mesh, AX612, lot 9296) was 
purchased from Hatheson, Coleman, and Bell, Cincinnati, Ohio. 
The average pore diameter, pore volume, bulk density, and 
particle size range were U nm, 0.25 cmVg# 1.089 g/cm*, and 
80-125 mesh (125-177 ym), respectively. From these values 
and the particle density (3.3 g/cmS), the void fraction was 
caluculated to be 0.67. 
Immobilized enzvme assay 
Three methods were used to assay immobilized 
&-xylosidase activity; 
The first method involved a batch reactor system, which 
consisted of a differential reactor, a heat exchanger coil, a 
50 ml, 3-neck round bottom flask substrate reservoir, an 
Electrothermal Ministirrer, and a Cole-Parmer Ultramasterflex 
peristaltic pump (pump head #7013, with silicone tubing). 
The differential reactor, heat exchanger coil, and reservoir 
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were immersed in a Haake constant temperature water bath. 
The substrate, 4mtl o-nitrophenyl-6-D-xylopyranoside, pH 4.0, 
was passed through the differential reactor at 20 ml/min, a 
predetermined flow rate at which film diffusion limitation 
was nonexistent. 
A second method was a batch system, which consisted of a 
50 ml round bottom flask containing 25 ml of 4mH 
o-nitrophenyl- 3-D-xylopyranoside and a glass stirrer in a 
WQOC water bath. Enzyme-carrier complex (0.3-1.0 g dry 
basis) was added to the substrate, and the mixture was 
stirred at 530 rpm, a rate sufficiently high to eliminate 
film diffusion limitation. 
A third method, which was used for small amounts of 
immobilized enzyme, involved adding 1 ml of centrifuged 
enzyme complex to 2 ml of substrate solution in a plastic 
test tube. This mixture was maintained at yO^C for 30 min 
and stirred at 530 rpm. 
In all cases, the progress of the reaction was deter­
mined by measuring the absorbance of released o-nitrophenol 
in a mixture of 1 ml sample from the reaction mixture, 1 ml 
of 0.05H acetate buffer, and 2 ml 20% sodium carbonate, when 
the sample was contained in a 1 cm path length cuvette, at 
40 0 nm with a Beckman DO spectrophotometer modified with a 
Gilford Model 252 update system. Except for the recycle 
system, the net absorbance was that of the reaction sample 
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minus that of blank sample taken before reaction commenced, 
the reaction time being sufficiently short that less than 10% 
of the substrate was hydrolyzed. In the case of the batch 
recycle system, samples were taken over the first IS min of 
» 
reaction and the activity determined from the linear increase 
of absorbance that resulted after an initial lag. 
Soluble enzyme vas assayed as described in Chapter 4. 
Immobilization efficiency is defined as the percentage 
of enzyme activity lost during immobilization that was 
recovered on the carrier after immobilization: 
Efficiency = (100) (Activity on beads) 
Activity lost during immobilization. 
g-Xylosidase purified by procedure B and designated 
g-xylosidase II was used in all immobilizations. 
Immobilization of B-xvlosidase to different carriers 
Enzorb-A A 10 ml solution of &-xylosidase, which 
had been dialyzed with 0.05N sodium acetate buffer at pH 
4.60, ionic strength 0.1 Id, was recycled at room temperature 
through a 0.6 x 10 cm column containing 1 g of Enzorb-A. 
After 50 min all the &-xylosidase activity had disappeared 
from solution, and the column was washed with 250 ml of the 
same buffer solution. No activity was detected in the wash. 
The activity on the complex was determined by the recycle 
system. 
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Enzacrvl kk Two 50 mg portions of Enzacryl kk were 
each activated at in plastic centrifuge tubes with 5 ml 
of 2N RCl followed by H ml of ice cold solution of 4% sodium 
nitrite with continuous stirring for 15 oin. Each portion 
was then centrifuged at 10,000 rpm for 20 min and the gel 
portion washed once with water and four times with 0.1M sodi­
um potassium phosphate buffer at pH 6.68. After centrifuga-
tion and decanting the washings, both portions of carrier 
were contacted with 1 ml of g-xylosidase solution, which had 
already been dialyzed with same buffer. Portions were 
incubated for 24 h or 48 h at 4°C with continuous stirring. 
After decanting the centrifuged supernatant, the solids were 
annealed with 2 ml ice-cold 0.01% phenol in 10% sodium 
acetate. After 15 min, the mixture was centrifuged and the 
solid portion was washed as described below. 
Enzacrvl AH The same procedure for the activation of 
Enzacryl AA and enzyme coupling was followed with Enzacryl 
AH, but there was no annealing step. 
Enzvcrvl Polvthiolactone This carrier does not need 
activation. Two ml of enzyme solution in 0.IN sodium 
potassium phosphate buffer were added to 50 mg of carrier 
suspended in 2 ml of same buffer. The mixture was then 
incubated for 5 h at 4*0, after which it was centrifuged and 
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the solid portion was washed as described below. 
Enzvcryl Polvthiol Two ml of 0-xjlosidase solution 
in 0.1H sodium potassium phosphate buffer, pH 6.68, were 
added to a suspension of 50 mg carrier in a 5 ml coupling so­
lution. The coupling solution was a 100 ml mixture made by 
dissolving 1.82 g potassium ferricyanide, 48 g ammonium 
chloride, and 7.1 ml 0.88(1 ammonium hydroxide in water. After 
incubation for 16 h at the mixture was centrifuged and 
the solid portion was washed as described below. 
Washing of the Enzacrvl-Enzyme Complex Each 
Enzacryl-enzyme complex was suspended in 0.05 H sodium 
acetate buffer at pH 4.0 and stirred for 20 min. The 
centrifuged supernatant was decanted and tested for 
3-xylosidase activity. This procedure was repeated about 
three times, until no activity was detected in the wash. The 
activity in the wash was added to the activity of the 
supernatant in order to calculate the activity lost from so­
lution, used in calculating the efficiency of immobilization. 
Sepharose CL-4B The preswollen Sepharose CL-UB was 
washed several times with distilled water on a fritted glass 
disc Buchner funnel to remove the antimicrobial agent sodium 
azide. Ten ml of cold 5M potassium phosphate at pH 12.8 were 
added to 10 g wet Sepharose gel and the mixture was brought 
to 25 ml with water and incubated in a S-IO^C ice-cold water 
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bath. Four ml of 100 mg/ml aqueous cyanogen bromide solution 
were then added dropwise over a 2 min period to the cold mix­
ture under stirring. After an additional 18 min stirring, 
the mixture was washed with water until neutral, five ml of 
g-xylosidase solution in O.IM sodium potassium phosphate buf­
fer, pH 6.68, were added to 5 g of activated agarose gel, 
which had been washed with same buffer. After incubation for 
24 h at yoc, the solid complex was packed in a column and 
washed first with 50 ml 0.05N sodium acetate buffer at pH 
4.0, containing IN NaCl, at a flow rate of 10 ml/h for 24 h, 
followed by 50 ml of the same buffer without MaCl for several 
hours. No activity was detected in the wash. The activity 
immobilized was determined by the second assay method. 
Bioael P-2 g-Xylosidase was immobilized on Biogel 
by the method of Bobyt, Kimble, and Walseth (1974). One gram 
of Bio-Gel P2 was added to 20 ml of ethylenediamine and 
boiled under reflux for 90 min. The mixture was filtered and 
washed with 1 1 of distilled water, after which 10 ml of cold 
2. 5% glutaraldehyde, prepared by mixing 25% glutaraldehyde 
with O.IM sodium phosphate buffer at pH 6.8, were added. 
After incubation for 30 min at 4*0, the suspension was 
filtered on a fritted glass Buchner funnel and washed with 1 
1 of cold distilled water. The activated gel was then divid­
ed into two portions of 2 ml and 1.3 ml; to the first were 
added 5 ml of 3-xylosidase in 0.05(1 acetate buffer at pH 
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4.0, while 5 ml of eozyme solution in O.IM sodium phosphate 
buffer at pH 6.8 were added to the second portion. Each por­
tion was incubated at with continous stirring. The 
supernatants were decanted and the solid portions were washed 
with 50 ml 0.05M acetate buffer, pH 4.0. Both preparations 
were assayed for activity using the batch reactor assay 
method. 
Alkvlamine Porous Silica Alkylamine porous silica 
was added to 2.5% glutaraldehyde (25% aqueous glutaraldehyde 
diluted ten-fold with O.IM sodium phosphate buffer, pH 7.0) 
in the ratio 1 to 5 (w/v) and deaerated under vacuum for 2 h 
at room temperature. The supernatant was decanted and the 
activated carrier was washed extensively with distilled 
water, followed by the buffer used for enzyme coupling. The 
activated carrier was then incubated with g-xylosidase in 
the same buffer for varying periods at 4*C. In some cases, 
enzyme coupling was performed by flowing the enzyme solution 
through a packed tube of activated carrier, which led to a 
faster enzyme immobilization. After immobilization, the com­
plex was washed with 0.05(1 sodium acetate buffer at pH 4.0. 
Alumina and Stainless Steel Alumina was activated by 
two different methods. In the first, 30 ml of distilled 
water were added to 10 g of alumina in a three-neck flask 
which was fitted with a mechanical stirrer, a gas evolution 
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tube, and a dropping funnel, and cooled to 0-5®C in an ice 
cold water bath. Five ml of titanium tetrachloride were 
added over 5 m in with continuous stirring. After an addi­
tional 30 min, the mixture was removed from the bath and held 
at room temperature for 30 min. Excess solution was decanted 
and the activated carrier was washed with water at room tem­
perature until the wash was clear. The activated carrier was 
then dried at SOO^C for 1 h. The carrier was washed a second 
time with water and dried at 500®C for 30 min. After a final 
water wash, the activated alumina was air dried at room tem­
perature. Stainless steel was activated in much the same 
manner except that 60 ml of titanium tetrachloride was added 
to a mixture of 100 g stainless steel and 600 ml water. 
In the second method, 50 ml of titanium tetrachloride 
were added dropwise over 15 min to a mixture of 100 g alumina 
and 300 ml of water at S-IO^C. After a further 30 min in the 
ice bath, the mixture was held at room temperature for 1 h 
and then at lOO^C for 1 h. The supernatant was decanted, and 
the activated carrier was washed with water at room tempera­
ture until the wash was clear. The activated alumina was 
then dried at 100®C. Stainless steel was similarly 
activated. 
Enzyme coupling was performed at pH 4.0 by incubating 
3-xylosidase solution in 0.05H acetate buffer, pH 4.0, with 
the activated alumina or stainless steel and agitating at 250 
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rpm at '»®C. 
Bffeçt_of_film_diffusioa_aa_&2XZlgsidase_activitY 
The effect of film diffusion on the activity of 
immobilized g-xylosidase was investigated by varying the 
stirrer speed in the batch assay with both the alumina and 
silica complexes. The activity expressed at 530 rpm was 
highest, while activity at higher and lower flow rates was 
slightly lower (Figure 40). Foaming was observed at higher 
flow rates and therefore 530 rpm was used in subsequent 
assays. With the silica complex in the batch recycle 
reactor, a flow rate of 20 ml/min was found to eliminate film 
diffusion effects. 
Effëçt_gf_2H_on_açtivitY_gf_immobilized_&2X%losidase_II 
Immobilized g-xylosidase II prepared by incubating 15 g 
of activated alkylamine porous silica with 12.5 ml of 
purified enzyme solution (1.81 U/ml), and 0.5 g alumina 
incubated with 3 ml of purified enzyme solution (0. 867 0/ml) 
were used in this study. Approximately 0.3 g (dry weight) of 
the alkylamine porous silica complex or 22 mg alumina complex 
were used in the standard batch assay at 40®C with 4mM o-
nitrophenyl- 3-D-xylopyranoside in 0.05M Mcllvaine buffer of 
0. 118M ionic strength, and 0.1M acetate buffer of 0.054M 
ionic strength, respectively. The latter was necessary be­
cause the citrate ions in Mcllvaine buffers desorbed 
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7 
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SILICA- 3-XYLOSIDASE 
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STIRRER SPEED, rpm 
300 200 
Figure 40. Effect of film diffusion on alumina and 
silica bound 8-xylosidase II. 
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B-xylosidase from titanium tetrachloride activated alumina 
due to their chelating effect. 
Effect of temperature on activity of immobilized 6-xylosidase 
II 
An 80 mg portion of immobilized B-xylosidase prepared 
by incubating 2 g of 500®C activated alumina with 5 ml of 
purified enzyme solution (1.87 U/ml) and 0,3 g dry weight of 
alkylamine porous silica complex were used in the batch assay 
at temperatures between 30° and 69®C, in 0.0SM acetate buffer 
at pH 4.0. 
Effect of pH on stability of immobilized B-xvlosidase 
The effect of pH on the stability of the alumina- g -
xylosidase complex was determined by incubating about 0.05 g 
dry weight of immobilized enzyme in screw-cap tubes with 2,0 
ml of lOOmM acetate buffer of 0.05M ionic strength, at dif­
ferent pH values and 60®C. The tubes were then removed from 
the bath at regular intervals, cooled immediately in an ice 
cold water bath, and washed with 0.05M acetate buffer. The 
activity remaining was determined by the batch assay method. 
With alkylamine porous silica, the immobilized complex 
was packed in 3 ml plastic disposable pipettes. Each pipette 
was eguilibrated with Mcllvaine buffer of 0,118M ionic 
strength at different pH values for 5 min at room tempera­
ture, after which each pipette was immersed in a 60*0 water 
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bath and irrigated with buffer at 20 ml/min for 15 rain. No 
activity was detected in either the pipette effluent or wash. 
Effeet_of_temperature on stability of immobilized 
S-xylosidase 
Portions of immobilized enzyme was incubated with 1.5 ml 
of 50mM acetate buffer at pH U.O in a bath maintained at the 
desired temperature. The tubes were removed at regular time 
intervals and cooled immediately in an ice cold water bath. 
The activity left on each enzyme complex was determined using 
the batch assay method. 
Results 
Immobilization to Different Carriers 
Results of the immobilization of 3-xylosidase to dif­
ferent carriers previously described are shown in Table 14. 
3-Xylosidase was bound to most carriers in low activity 
despite the high potential loading. Enzacryl Polythiol and 
AH had the highest efficiency of the four Rnzycryls tested. 
Incubation period had an effect on enzyme coupling to 
Enzacryl AH, the immobilized activity being reduced by half 
at 48 h incubation compared to 24 h, but the period had no 
effect on Enzacryl AA. There was no activity on Bio-Gel P-2 
exposed to P-xylosidase at pH 4,0. The most efficient 
carriers were alumina, stainless steel, and alkylamine porous 
silica, with immobilization efficiencies of 83. 1, 74.7, and 
Table 1U. 
Immobilization of 3 -xylosidase to different carrier# 
Carrier Enzacrvls 
AA AH Poly- Polf-
thio- thiol 
lactone 
Height of 0.05 0.05 0.05 0.05 0.05 0.05 
carrier, g 
Volume of 11 11 1 1 
enzyme 
solution, ml 
Incubation time 24 48 24 48 5 16 
h 
Immobilization 6.66 6.68 6.68 6.68 6.68 6.68 
pH 
Activity 2.28 2.28 2.28 2.28 4.55 4.55 
offered, 0 
Activity lost 1.14 1.40 0.604 0.696 1.52 1.47 
frcm solution, 
0 
Activity 0.055 0.053 0.060 0.026 0.052 0.141 
accepted 
by carrier, 0 
Immobilized 1.09 1.05 1.20 0.526 1.03 2.82 
activity, 0/g 
Efficiency, * 4.75 3.75 9.92 3.78 3.39 9.59 
Activity 
remaining*, % 
afL«t 10 mln 77.9 SH.I 95. J HO.# 
after 60 min 79.2 26.4 54.9 69.6 
Assay used ## & ^ 4k ^0 wft % 
1 ml (wet) . 
2 Activated at 500®C. 
= Activated at 100®C. 
* [/ml (wet). 
5 Incubated at 60*0.in 0.05N sodium acetate buffer mt pH 4.0. 
* 2 ml batch. 
* Recycle. 
* 25 ml batch. 
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BASocb- Sepha- Bio-Gel Silica Stainless Alumina 
A rose P-2 steel 
ClUB 
1.0 0.152 2» 1.3» 15.0 22 23 1.75: 
10 5 5 5 12.5 5 5 5 
0.83 24 12 12 22 24 48 12 
4.60 6.68 4.0 6.8 6.55 4.0 4.0 4.0 
13.73 8.17 3. 17 2.73 22.6 9.13 9.13 9.16 
13.66 5.00 2.60 1.69 19.4 7.90 8.35 9.16 
1.51 0.154 0 0.098 13.9 5.90 2.37 7.51 
1.51 1.01 0 0.075* 0.925 2.95 1.19 4.29 
11.1 3.08 0 5.80 71.5 74.7 28.4 82.0 
54.1 83.1 49.3 92.3 
•wT «bO WIB @ «0 «9 MS 
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73.8%, respectively. In the case of alumina, almost all the 
activity offered disappeared from the solution, and 82% of 
this activity was expressed on the carrier. 
The alumina and silica complexes were the most stable at 
60®C and pH 4.0, 93.1 and 83.1%, respectively, of the initial 
activity remaining on the carrier after incubating for 1 h at 
60 oc and pH U. 0. Over 55% of the activity on Enzorb-A 
disappeared on storage at 4®C after 48 h. 
Effect of PH on S-xylosidase immobilization to alkvlanine 
porous silica 
The effect of pH on enzyme coupling to porous silica was 
investigated by incubating 15 ml of enzyme solution, dialyzed 
with O.IM phosphate buffer at different pH's, with 5 g of 
activated alkylamine porous silica for 48 h at 4*0. The high­
est efficiency was obtained at pH 6.55 (Table 15). Subse­
quent immobilizations were conducted at this pU. 
Effect of incubation time on B-xvlosidase immobilization to 
alkylamine porous silica 
Results of different incubation times are summarized in 
Table 16. When the enzyme solution flowed through a column 
of activated carrier, immobilization was faster (column 1) 
than when the activated carrier was incubated with the enzyme 
solution without bulk flow. Longer periods of incubation re­
sulted in lower activity. 
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Table 15. 
SEfect of pH on g -xylosidase immobilization to 
alXylanxne porous silica 
pH 5.75 6.00 6.55 6.89 
Activity offered, 12.8 14.U 1U.U 12.8 
0 
Activity lost from 1.43 13.0 11.4 11.9 
solution, U 
âctivity accepted by 4.34 5,51 5.77 4.71 
carrier, U 
laiicbilizei activity, 0. 867 1. 10 1 . 15 0.942 
v / g  
Immobilization 37.9 42.4 50.R 39.5 
efficiency, % 
nu 
Table 16, 
Effect of incubation time on p-xylosiàase 
immobilization to alkylaaine porous silica 
Incubationi 3.52 12 22 48 
time, h 
Height of carrier, 55 25 15 5 
g 
Volume of enzyme 98 40 12.5 14 
solution, ml 
Activity offered, 122.7 52. 8 22.6 14.4 
0 
Activity lost from 97.7 40. 8 19,4 1 1,4 
solution, n 
Activity accepted by 72. 1 28.5 13.9 5.77 
carrier, U 
Immobilized activity, 1,31 1,14 0,925 1,15 
0/g 
Efficiency of 73.8 69.8 71.5 50,8 
immobilization, % 
Asfay foe immobilized -• -* 
activit y 
* Activated carrier was incubated with enzyme solution 
at pH 6.55 and 4®C. 
z Incubation with flowing enzyme solution, 
® 25 ml batch, 
• Becycle. 
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Effect of Activation Procedure on 6-Xvlosidase Immobilization 
to Alumina 
The activity of B-xylosidase bound to alumina activated 
at 500°C was higher than that bound to alumina activated at 
100®C, A similar result was found with stainless steel. 
3-Xylosidase was also coupled to alumina not treated with 
titanium tetrachloride; activity of this preparation was 60% 
that of 6-xylosidase attached to alumina activated at 500°C 
(Table 17) . 
Since the alumina activated at SOQoc was a more effi­
cient carrier, the effect of different activation mixtures on 
immobilization by this method was further investigated. 
Activation mixture was found to have little effect (Table 
1 8 ) .  
Optimization of B-Xvlosidase Loading on Alumina 
Different amounts of alumina activated at 500*0 were ex­
posed to different volumes of enzyme solution, so that the 
activity offered pec weight of carrier increased from 5 to 80 
iJ/g, Saturation of the carrier did not occur until approxi­
mately 40 U/g were offered. Up to this level the efficiency 
of the immobilization was over 70% (Table 19). 
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Table 17. 
Effect of activation procedure on Ç-xylosidase 
immobilization to alumina 
Temperature of -* 500 500 100 
activation, °C 
Weight of 2.0 1.75 0.2tt6 0.247 
carrier, g 
Incubation 12 12 20 20 
time, h 
Activity 9.16 9.16 9.97 9.97 
offered, H 
Activity 7.46 9. 16 9.22 8.07 
lost from 
solution, M 
Activity 5.25 7.61 6.66 4.98 
accepted by 
carrier, U 
Immobilized 2.63 4. 35 27.0 20.2 
activity, U/g 
Immobilization 70.4 33.1 72.2 61.7 
efficiency, % 
> No activation with titanium tetrachloride. 
Table 18. 
Effect of activation solution composition on 
g-xylosidase immobilization to alumina 
Volume of TiClg, 3.0 6.0 12.0 5.0 9.6 2.5 10.0 
ml 
Volume of water, 30.0 30.0 30.0 60.0 15.0 60.0 30.0 
ml 
Activity offered, «.23 4.23 4.23 4.23 4.23 4.23 4.23 
0 
Activity lost from 3.14 3.31 3.22 3.31 3.15 3.21 3.21 
solution, U 
Activity accepted 2.26 2.20 2.16 2.17 1.96 2.16 2.19 
by carrier, 0 
Immobilized 44.7 43.6 43.2 42.8 38.8 42.9 43.3 
activity, U/g 
Immobilization 71.8 66.4 67.1 65.7 62.2 67.2 58,1 
efficiency, * 
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Table 19. 
Optimization of g-xylosidase loading on alumina 
Potential loading, 5. 23 10. 1 15. 5 21.2 40.9 80.6 
U/g 
Height of carrier, 1.75 0.517 0.464 0.464 0.246 0.0506 
9 
Volume of enzyme, 5. 0 8.0 1 1.0 15.0 15.0 5.0 
0)1 
Incubation time, 12 20 20 20 20 24 
h 
Activity offered, 9.16 5.22 7.18 9.80 9.97 4.23 
D 
Activity lost 9. 16 5. 19 7. 13 9.62 9.22 3.22 
from solution, 
U 
Activity accepted 7.51 3.74 4.64 7. 17 6. 66 2. 19 
by carrier, 11 
Immobilized 4. 29 7.22 10.0 15.6 27.0 43.3 
activity, U/g 
Immobilization 82. 0 72.0 65. 1 74.5 72.2 68.1 
efficiency, % 
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Effect of PH on Activity of B-Xvlosidase II Bound to Alumina 
and Alkvlanine Porous Silica 
The optimum pH for activity of g-xylosidase immobilized 
on alkylamine porous silica vas found to be 3,0, the same as 
that of the soluble enzyme (Figure 41). With alumina-bound 
B-xylosidase the activity was still increasing as the pH vas 
decreased to pH 3.5. 
Effect of Temperature on Activity of B-Xvlosidase 
Immobilized on Alumina and Alkylamine Porous Silica 
The activity of both immobilized enzymes folloved the 
Arrhenius relationship. The activation energies determined 
from the Arrhenius plot of In (activity) vs. 1/T vere 7.97 ± 
0.78 kcal/mol for the alkylamine porous silica complex be-
tveen 35o and 60*0 and 9.14 ± 1.63 kcal/mol for the alumina 
complex between 35*» and 65'*C (Figure 42) . The optimum tem­
perature fbr the alumina complex vas 60*0, less than the 70'*C 
of the soluble enzyme. The activation energies of both 
immobilized enzymes were lover than the activation energy of 
the soluble enzyme. 
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Figure 41. Effect of pH on activity of soluble and 
immobilized 3-xylosidase at 40®C. 
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Figure 42. Effect of temperature on activity of soluble 
and immobilized 3-xylosidase at pH 4.0. 
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Effect of PH on stability of B-Xvlosidase II Immobilized on 
Illumina and &lk?lam%ne Porous Silica 
The initial activities of the alumina-immobilized P-
xylosidase II at pH's 3.6, 4.0, 5.0, and 5.6 were 4.4, 3.97, 
4.16, 4.38 and 4.17 U/g, respectively. The plot of activity 
versus time did not follow a first order decay (Figure 43). 
The half lives, measured by taking the time when half of the 
original activity retained, were plotted against pH values, 
giving an optimum pH for stability at 60*0 of 4.0 (Figure 
44), with a profile nearly as narrow as that of the soluble 
form of g-xylosidase. 
Silica-bound g-xylosidase was most stable above pH 4.0, 
and approximately 25% of the original activity disappeared 
after 2 h at pH 4.64 (Table 20) . 
Effect of Temperature on Stability of B-Xvlosidase II 
Immobilized on Alumina 
The initial activities of the immobilized enzyme at 55°, 
60°, 65°, and 70*0 were 4.86, 3.97, 2.48, and 2.85 0/g, re­
spectively. The differences in initial activities reflect 
the difference in the enzyme loading potential which was used 
for each immobilized enzyme preparation. A plot of In (ac­
tivity) versus time did not follow first order decay 
kinetics, as with soluble g-xylosidase II (Figure 45). When 
half lives, measured by taking the time when half of the 
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Figure 43. Effect of pH on decay of alumina 
bound 3-xylosidase at 60°C. 
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Figure 44. Effect of pH on stability of g-^losidase. 
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Table 20. 
Effect of pH on stability of I -xylosidase 
immobilized on alkylamine poroQS silica at 60*C 
Period of incubation. 
•in J5 30 60 120. 
% Activity remaining 
pH 
2.45 0.0 
3-05 34.4 
3.65 66.3 
3.96 93.0 
#.€4 95.0 86.6 83. 1 77.7 
5.05 86.2 
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Figure 45. Effect of temperature on decay of alumina 
bound 3-xylosidase II at pH 4.0. 
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original activity remained, were used to construct an 
Arrhenius plot, a straight line giving an activation energy 
for decay of 115.1 t 62.4 kcal/mol was obtained. This 
activation energy was nearly as great as that with soluble 
B-xylosidase I, which was 124.6 t 33.4 kcal/mol (Figure 46). 
Determination of the Michaelis Constant for 6-Xvlosidase 
Immobilized on Alumina with o-Hitrophenyl-B-D-xvlopyranoside 
Substrate 
The Michaelis constant of immobilized B-xylosidase II 
prepared by incubating 1 g of activated alumina with 5.5 ml 
of purified enzyme (0.646 U/ml) was determined by varying the 
concentration of o-nitrophenyl- &-D-xylopyranoside in a batch 
assay between O.OBmH and BmH. The incubation time and amount 
of immobilized enzyme was varied to keep the conversion of 
substrate below 10%. The Michaelis constant determined by 
Lineweaver-Burk, Eadie-Hofstee, and Hanes plots (Dixon and 
Webb, 1964) and by computer fit (Siano, Zyskind and Fromm, 
1975) were 0.265, 0.283, 0.267, and 0.262mM, respectively 
(Figures 47, 48, and 49). 
Discussion 
In view of the advantages offered by immobilization of 
enzymes, certain criteria are of importance for a successful 
immobilization. These include the efficiency of immobil­
ization, the resultant activity, and the stability of the 
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Figure 46. Effect of temperature on stability of soluble 
and immobi l ized g-xylosidase a t  pH 4 .0 .  
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Figure 47. Lineweaver-Burk plot for hydrolysis of o-nitro-
phenyl-B-D-xylopyranoside at 40°C and 
pH 4.0 by immobilized 3-xylosidase. 
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Figure 48. Eadie Hofstee plot for hydrolysis of o-nitrophenyl-3 
D-xylopyranoside at 40°C and pH 4.0 by immobilized 
3-xylosidase. 
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Figure 49. Hanes plot for hydrolysis of o-nitrophenyl-
3-D-xylopyranoside at 40°C and pH 4.0 by 
immobilized g-xylosidase. 
192 
immobilized enzyme. 
A. niqer ^-xylosidase proved to be a difficult enzyme to 
immobilize with respect to the above criteria. Only porous 
silica, stainless steel, and alumina bound more than 10% of 
the activity which disappeared from the solution. The re­
sultant activity on the carrier was low. Only alumina-bound 
&-xylosidase attained activities above 1 0/g. 
This is the second time 3-xylosidase has been 
immobilized. Puis, Sinner, and Dietrichs (1977) recently re­
ported covalently immobilizing niaer g-xylosidase on 
Corning silanized silica glass beads (CPG 550) and silica gel 
(Merckogel SI 500 ^ and 1000 ^ ) activated with g lut ar aldehyde 
and CMC as coupling agent, as well as by the metal link 
method with titanium tetrachloride. The highest activity, 
5. 17 U/g, was obtained with CPG 550 coupled with a high con­
centration of the carbodiimide at pH 4.0. With Merckogel SI 
1000 ^  activated with glutaraldehyde, an activity of 0.66 0/g 
was achieved. Enzyme coupling at pH 6.5 was found to be 
superior to coupling at pH 4.0, as observed in this study. 
The activity found in titanium tetrachloride activated silica 
gel was 0. 166 U/g. It is not clear from these what potential 
loading was used. This is important, since it was found in 
this study that the activity could be increased up to a point 
by increasing the amount of enzyme offered. 
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The metal link method used for immobilizing g-xylosidase 
on stainless steel and alumina was first developed at the 
University of Birmingham (Barker, Emery, and Novais, 1971) 
and modified by the enzyme engineering group at Lehigh Uni­
versity (Charles et al., 1974). The latter group immobilized 
both lactase and glucoamylase to stainless steel and alumina 
by this method. As with lactase, B-xylosidase immobilized on 
alumina had a higher activity than that immobilized on 
stainless steel. This was attributed to the higher surface 
area of alumina than stainless steel. In addition, it was 
observed that nonactivated alumina did bind lactase, but 
higher activity was achieved with activated alumina, as was 
found in this study with 6-xylosidase. This improved activi­
ty was also attributed to higher binding capacity created by 
the coating layer of titanium oxide on alumina (Hasselberger 
et al., 1974) . 
Unlike glucoamylase (Allen, 1977) , varying the ratio of 
reagents during activation of alumina did not affect the ac­
tivity of immobilized g-xylosidase. In addition, unlike 
glucoamylase, which achieved higher activity when immobilized 
on titanium chloride-activated alumina that had been heated 
to 100°C, 3-xylosidase was most active when bound to titanium 
tetrachloride-activated alumina heated to 500*0 following the 
method of Hasselberger et al. (1974). This improved activity 
at 500®C was probably due to increased surface area caused by 
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calcination at such a high temperature, as a noticeable dif­
ference in surface structure of alumina between heat treated 
and nontreated alumina was observed by Hasselberger et al. 
(1974). It was observed in this study that citrate ions 
desorbed B-xylosidase from alumina; B. Allen (Battelle Labo­
ratories, Columbus, Ohio, personal communication, 1978) had 
previously observed that phosphate ions desorbed glucoamylase 
from alumina. This is probably caused by the chelating 
effect of these ions on the titanium oxide, which binds 
enzymes by coordinate links (Barker, Emery, and Novais, 
1971) . 
The thermal stability of g-xylosidase was significantly 
affected by immobilization. Of all the complexes tested, 
alumina-bound enzyme was the most stable, with half lives 10* 
those of the soluble enzyme under the same conditions. 
Though the activation energy of decay was slightly lower than 
that of the soluble enzyme, it was still extraordinarily 
high. 
The activities of enzyme bound to both alumina and 
alkylanine porous silica followed Arrhenius relationships 
with changing temperature, as did the soluble enzyme; howev­
er, the activation energies for both immobilized enzymes were 
lower than that of the soluble enzyme. This lower activation 
energy has been attributed by various investigators (Wheeler, 
19 51; Lee and Tsao, 1974) to pore diffusion limitation, which 
1 95 
has been shown in this work to be negligible (Appendix C). 
Immobilization on porous silica did not change the 
optimum pH for activity from the value of pH 3 found for the 
soluble enzyme. Though the optimum pH for alumina-
immobilized enzyme was not determined fully, the results in­
dicated the pH optimum was below 3.5. Similarly, the pH sta­
bility range was just as narrow for alumina-immobilized 
enzyme, with an optimum around pH 1 at 60°Cf as it was for 
the soluble enzyme. 
The lower stability of the immobilized enzyme compared 
to that of the soluble enzyme has been attributed by Pye and 
Chance (1976) to the fact that enzyme-matrix interactions 
could stress the tertiary structure of the enzyme into a less 
stable conformation. In addition, multiple binding and con-
seguent stressing of the surface of an enzyme may seriously 
influence the conformation of the interior of the protein, 
which might affect both its overall stability and its 
catalytic activity. In addition, a decrease in thermal sta­
bility has also been related to a decrease in the probability 
of the enzyme returning to its native conformation following 
thermal perturbation (Katchalski, Silman, and Goldman, 1971). 
Puis, Sinner, and Dietrichs (1977) have also studied the 
properties of niger g-xylosidase immobilized at pH 4.0 on 
gluteraldehyde activated CPG 500. Because they reported few 
results, it is difficult to compare their work with the 
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results of this study. It was reported that the optimum pH 
was shifted from pH 2.8 for the soluble enzyme in a 10 min 
assay to pH 4.5 for the immobilized enzyme. Similarly, the 
optimum temperature changed from 65®C in a 10 min assay of 
the soluble enzyme to 54®C in a 60 min assay of the 
immobilized enzyme. The immobilized enzyme was stable up to 
65®C, while the soluble enzyme was stable up to 50*0 in a 1 h 
incubation test. The pH stability range was pH 2.5 to 5.0 at 
and 3.5 to 4.0 at 40®C for the immobilized enzyme, while 
the pH stability range for the soluble enzyme was 3-4 at both 
4 and 40OC, Since the assay periods for both the pH and tem­
perature activity studies for the soluble and immobilized 
enzymes varied considerably, and the temperature and pH at 
which these assays were conducted were not reported, it is 
impossible to state if these observed shifts were due to 
immobilization or due to enzyme deactivation. 
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CHAPTER 7. 
CONCLUSIONS 
A, niqec S-*ylosidase has been purified by two methods, 
one which includes an ammonium sulfate precipitation at 95% 
saturation, followed by gel filtration on DEAE-Sephadex A-25 
and cation exchange with SP-Sephadex C-25, and the second, 
which includes ammonium sulfate precipitation at 69% 
saturation followed by either gel chromatography on Sephacryl 
S-200 Superfine or cation exchange chromatography with SP-
Sephadex C-25. Though the second method with Sephacryl S-200 
Superfine achieved a lower specific activity than the first 
method, it was advantageous to use it because of the fewer 
number of steps and the ease of scale-up. This purification 
procedure was also able to almost completely separate 
3-glucosidase, which previously had only been achieved by 
electrophoresis, an expensive method to scale up. 
A. niqer B-xylosidase exhibited highest activity and 
stability in the acidic range similar to other fungal 
glycoside glycohydrolases, which means that this enzyme can 
be applied industrially with minimal microbial contamination. 
3-Xylosidase has high transferase activity, which would 
result in side products during xylan hydrolysis. In the 
presence of polyols at low concentrations, increases in 
enzyme activity were observed, 1,2-Propanediol bad the high­
198 
est effect of all the polyols tested. The Hichaelis constant 
for the hjdrolyis of xylobiose was determined from a kinetic 
expression derived in Chapter 5. This Kjq value was higher 
than that for the hydrolysis of either o- or p-nitrophenyl-
B-D-xylopyranosides, and similar to what was found with the 
B. pumilus B-xylosidase. 3-Xylosidase was inhibited by 
xylose, and therefore means of removing this product during 
hydrolysis of xylan should be incorporated into any scheme 
developed to hydrolyze xylan. 
B-Xylosidase was immobilized on different carriers. 
Alumina-bound &-xylosidase was found to be superior to that 
immobilized on other carriers in terms of activity and sta­
bility. Even though the stability was found to be lower than 
that of the soluble enzyme, the half-life of 420 h at 55*0 at 
pH U.O in the absence of substrate could increase in the 
presence of substrate, and suffice for a large-scale opera­
tion. The optimum pH for activity of the immobilized enzyme 
did not change from that of the soluble enzyme though the 
optimum temperature was lower. Since the calculated effec­
tiveness factor was near unity, it was evident that the lower 
activation energy found for the immobilized enzyme could not 
be due to pore diffusion limitation in the case of alumina-
immobilized p-xylosidase. 
The enzyme purified in this study exhibited high 
transferase activity, and therefore would not serve the pur-
199 
pose of hydrolyziag low OP oligosaccharides efficiently. 
Future study should be directed to finding an enzyme similar 
to B. pumilus g-zylosidase, which shows no transferase ac­
tivity. 
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APPENDIX A. 
COMPARISON OF BECOVEBY AND FINAL SPECIFIC ACTIVITY 
This section shows the calculation procedure for the 
data presented in Table 8 (Chapter 4), where the final spe­
cific activities of purified A^. nicer g-xylosidase reported 
by various investigators were compared. 
All reported final specific activities were corrected to 
a common assay condition of pH 3.0 and 40OC with saturating 
concentrations of p-NP-g-D-Xyl, chosen because most of the 
kinetic parameters which could be used in these calculations 
were obtained under these conditions. In order to calculate 
these specific activities, the following assumptions were 
made: 
1. The reported final specific activity corresponds to a 
single point on the hyperbolic curve of the Michaelis-
Nenten equation. This assumption justifies the use of 
the Michaelis-Menten equation in calculating the maxi­
mum velocity. 
2. The estimated Hichaelis constant and relative maximum 
velocities for the different substrates taken from the 
literature are applicable in all calculations to 
follow. 
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3. The ratio of activity of niqer g-xylosidase on 2mM 
o- and p-nitrophenyl-0-D-xylopyranoside at pH 3.0 and 
t»0®C to that at pH 4.0 and 10°, found in this work to 
be 1.2 to 1, is the same for phenyl- 3-D-xylopyranoside 
and methyl-g-D-xylopyranoside. This ratio is assumed 
to be also the relative ratio of the maximum velocity 
at these two pH values. The ratio facilitates conver­
sion of activities fron pH 4.0 to pH 3.0 at 40*0 and is 
referred to as the pH factor. 
For each reported work, the maximum velocity for the 
substrate used was calculated using the Michaelis-Menten 
equation. The calculated value was then corrected for dif­
ference in activity due to the pH of the assay, followed by a 
correction for difference in hyrolysis rate between sub­
strates used and p-nitrophenyl-B-D-xylopyranoside. The ratio 
of the maximum velocity for g-xylosidase hydrolysis of 
p-nitrophenyl- p-D-xylopyranoside to that of hydrolysis of 
the substrate used in the assay is referred to as the 
velocity factor. 
The kinetic parameters from the literature are shown in 
Table A1, while the assay conditions and final specific ac­
tivities reported by various investigators are shown in Table 
A2. 
It should be pointed out that this form of comparison is 
open to criticism because of the assumptions made with re-
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Table AI. 
Kinetic parameters for ^  niaer @-xylosidase 
Svbstrate Relative 
maximum 
velocity 
nichaelis 
constant, 
mn 
Bef . 
p-MP-&-D-Xyl 100 0.35 -I 
P-6-D-Xyl 81 0.61 -1 
Be-p-D-Xyl 3.2 
-
-2 
He-P-D-Xyl 6.0 .3 
o-lP-p-D-Xyl 100 0.20 
p-IP-6-D-Xyl 91 0.36 -4 
* fan Wijnendaele and De Bruyne, 1970. 
* Kersters-Hi1derson et al., 1970. 
* Seese, Haguire, and Parrish, 1973. 
* This vork. 
22# 
Table &2. 
Assay conditions used by various investigators 
Substrate Concentration, pH Temperature, Final Fef. 
•W ®C spec, act., 
Q/mg 
P-e-D-Xyl 0.5 4.0 40 5.9 .1 
p-*P-6-D-Xyl 4.0 3.0 40 25.0 -2 
P-P-D-Xyl 0.5 4.0 40 4.2 -3  
•-HP-e-D-Xyl 0.3# 4.2 40 0.3 -4 
0-HP- g-D-Xyl 2.0 4.0 40 57.7 
11.2 
15.4 
26.6 
-5 
» & 
-7  
» 8 
» Sasaki, 1971. 
* Claeyssens et al., 1971. 
* Takenishi, Tsujisaka, and Fukumoto, 1973. 
• Podionova, Gorbacheva, and Buivid, 1977. 
• This work: Procedure A-1. 
• This work: Procedure A-2. 
' This work: Procedure B-1. 
* This work: Procedure B-2. 
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spect to direct proportioaality between activities at differ­
ent pH conditions, h more accurate comparison could be made 
If all assays were performed with the same substrate at 
saturating concentrations and under the same pH and tempera­
ture conditions. 
A typical calculation is presented below: Sasaki (1971) 
reported a final specific activity of 5.9 U/g but used a non-
saturating concentration of O.SmH phenyl-B-D-xylopyraaoside. 
The Km for hydrolysis of phenyl- B-D-xylopyranoside is 
0.61mM, and the ratio of maximum velocity of hydrolysis of 
p-nitrophenyl- g-D-xylopyranoside to phenyl- G-D-
xylopyranoside is 1.24:1 (Van Wijendaele and De Bruyne, 
1970) . 
Calculation of maximum velocity using the Michaelis-
Menten equation: 
0.61 • 0.5 
Vjn =13.1 0/mg. 
Therefore the maximum velocity of hydrolysis of phenyl-g-D-
xylopyranoside at pH 4.0 and 40oc is 13.1 U/mg. 
Since the assay was conducted at pH 4.0 and 40*>C, the 
calculated maximum velocity is multiplied by 1.2: 
Vm at pH 3.0 and 40*0 = (13.1) (1.2) A. 2 
= 15.7 U/mg 
Since the common substrate used in comparison is 
p-nitrophenyl-3 -D-xylopyranoside, the calculated maximum 
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velocity is multiplied by the ratio of maximum velocities: 
Vjjj = (15.7) (1.21») A.3 
= 19.5 D/mg. 
The corrected final specific activity is therefore 19.5 
U/mg. This is the value Sasaki would have obtained had the 
assay been performed with a saturating concentration of 
p-nitrophenyl- &-D-xylopyranoside at pH 3.0 and UO®C, A 
summary is presented in Table A3. 
Table A3. 
Comparison of recovery and final specific activity 
of g-xylosidase from niger 
Substrate Cone., pH Temp. , pH Velocity Corr. % Bef. 
mM oc factor factor spec, 
act., 
U/mg* 
Recovery 
P-P-D-Xyl 0.5 4.0 40 1.2 1.24 19.5 <2.0 -  2  
p-»P-^D-Xyl 4.0 3.0 40 1.0 1.0 25.0 42 -3  
P-&-D-%yl 0.5 4.0 40 1.2 1.24 13.9 22 
Be-p-D-Xyl 0.34 4.2 40 1.2 30.3 203 <1.0 -  S  
o-IP- p-D-Xyl 2.0 4.0 40 1.2 0.91 94.5 4.8 - •  
25.4 
43.6 
32.3 
19.4 
-7  
-8  
* Corrected specific activity, 1 U, is defined as the amount of 
enzyme liberating 1 yiol/min of p-nitrophenol at pH 3.0 and 40*0 
with saturating concentration of p-NP-6-D-%yl. 
® Sasaki, 1971. 
' Claeyssens et al., 1971. 
* Takenishi, Tsnjisaka, and Fnkumoto, 1973. 
* Bodionova, Gorbacheva, and Buivid, 1977. 
* This work: Procedure A-1. 
* This work: Procedure B-1. 
* This work: Procedure B-2. 
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APPENDIX B. 
CALCULATION OF INUIBITON CONSTANT FOB XYLOSE 
The data obtained from the experiment on the effect of 
different concentrations of xylose on the rate of hydrolysis 
of 2mM o-nitrophenyl- 3-D-xylopyranoside at pH 4,0 and UO®C 
was used to estimate the inhibition constant of g-xylosidase 
for xylose. Since only a single o-nitrophenyl-3 -D-
xylopyranoside concentration was used, the Dixon plot (Dixon 
and Webb, 1964) could not be used. Therefore, an alternative 
method based on the degree of inhibition was employed 
instead. According to Laidler and Bunting (1973), the degree 
of inhibition, i, is defined as the reduction in velocity, 
V -V, brought about by a given inhibitor divided by the 
velocity of the uninhibited reaction, Vq, 
Since B-xylosidase follows Michaelis-Menten kinetics and has 
been reported to be competitively inhibited by xylose 
(Claeyssens et al,, 1971): 
^ K (1 + X/K ) + S 
lu  ^
B.2 
B.3 
Substituting equations B.2 and B.3 in B.I gives 
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V X 
^mlÇ B. 
^ K^(l + X/K^) + S . 
Inverting egaatioa U, a linear relationship between 1/i and 
1/X is obtained 
K 
l/i = ^ [1 + S/K^] + 1 , B. 5 
The data for the velocity of inhibition of 
o-nitrophenyl- 3-D-xylopyranoside hydrolysis are shown in 
Table 81, and a plot of 1/i versus 1/X is shown in Figure 31. 
The inhibition constant was estimated from the slope by 
substituting for and S. 
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Table B1, 
Data for xylose inhibition of hydrolysis of 
o-nitrophenyl- &-D-xylopyranoside at pH 4.0 and 40oc 
Concentration 1/X Hydrolysis i i/i 
of xylose, rate 
X V, 0/ml 
0 1.27 
5 0.2 1.17 0.080 12.5 
10 0.1 1.10 0.137 7.30 
20 0.05 0.9UU 0.259 3.86 
1*0 0.025 0.795 0.376 2.66 
50 0.02 0.694 0.455 2.20 
60 0.0167 0.630 0.50b 1.9 8 
80 0.0125 0.54 2 0.574 1.74 
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9 
6 
3 S/K^) = 57.79 ± 3.46fflM SLOPE 
5.3mM 
1 
0 
0.00 0.04 0.08 0.12 0.16 0.20 
Figure Bl. Determination of inhibition constant for xylose 
in the presence of soluble g-xylosidase II 
and 2mM o-nitrophenyl-3-D-xylopyranoside. 
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APPENDIX C. 
CALCULATION OF EFFECTIVENESS FACTOR 
In order to determine whether alomina-boand 
6-xylosidase vas diffusion limited, the effectiveness factor 
was calculated using the approximate expression presented by 
Hoo-Young and Robayashi (1972): 
^1 C.l 
1 + 6 
El = 
1 0<h</3 
1 _ ,1 + cos4-|-tl)3 C.2 
= 
where 
-1,6 C.4 
= cos {—J - 1) 
h 
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The data used in calculating the effectiveness factor are: 
D = 9.15x10-* cmz/s (Wilke and Chang, 1955) 
Km = 0. 262aM 
R = 75 ya 
S = 4nH 
0 = 0.67 (Satterfield, 1970) 
T = 1.5 (Satterfield, 1970) 
% = 0. 269 Bol/ml-s (4.89 0/g). 
The calculated dimensional constants h, $, and g, are 0.6772, 
3.724, and 0.0655, respectively. 
The calculated values of and E2 are 1 and 0.590, re­
sulting in an effectiveness factor of 0.975. 
234 
APPENDIX D. 
CALIBRATION PLOTS 
Calibration for o-Hitrophenol and p-Nitrophenol 
The calibration was carried out by dissolving 0.1391 g 
of o-nitrophenol or p-nitrophenol in 100 ml of 50mM acetate 
buffer at pH 4.0 and preparing various dilutions. One ml of 
each dilution was added to 1 ml of 50mN sodium acetate buf­
fer. Each mixture was incubated at 40<*C for 15 min, after 
which 2 ml of 20% sodium carbonate solution were added. The 
optical density was then read in a 1 cm cuvette at 400 nm 
with a Beckman DO spectrophotometer modified with a Gilford 
model 252 update system. 
The calibration plots are shown in Figures D1 and D2. 
Calibration for Xylose and Xylobiose 
The extinction coefficients of xylose and xylobiose 
after reducing sugar assay (pp. 104-105) were determined from 
the calibration plots of absorbance at 500 nm versus concen­
tration in mH shown below (Figures D3 and D4). 
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Figure Dl. Calibration plot for p-nitrophenol 
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Figure D2. Calibration plot for o-nitrophenol. 
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Figure D3. Calibration plot for xylose. 
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Figure D4. Calibration plot for xylobiose. 
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Modified Lowry Method 
The original Lowcy method (Lovry et al., 1951) was 
modified because copper tartrate precipitated in solution B 
when sodium tartarate was added to copper sulfate. These 
solutions, reagents 31 and B2, were prepared separately and 
added together just before use to give reagent C. 
Reagent A was 0.4% sodium hydroxide and 2% sodium car­
bonate in water. Reagent B1 was 1.0% copper sulfate in 
water. Reagent B2 is 2.0% sodium tartarate in water. 
Reagent C was 0.5 ml of reagent B1, 0.5 ml of reagent B2, and 
5.0 ml of reagent A. This mixture was prepared within 2 h of 
use. Reagent D was Folin-Ciocalteau solution. 
The procedure was carried out as follows. Add 5.0 ml of 
reagent C to 0.5 ml of bovine serum albumin solution with im­
mediate mixing and allow to stand for 15 min. Add 0.5 ml of 
reagent D, shaking within a few seconds. Allow to stand for 
30 min and read at 500 nm (or 750 nm, if the protein concen­
tration is low). The standard protein calibration plots 
shown in Figures 05 and 06 were used to determine protein 
concentration. 
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Figure D5. Calibration plot for high protein concentrations. 
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Figure D6. Calibration plot for low protein concentrations. 
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Determination of the Linearity of the Assay 
The linearity of the 3-xylosidase assay vas tested by 
two methods. In the first method the assay period was var­
ied; in the second method the amount of enzyme was varied 
while the assay period was kept constant at 15 min. The 
results are shown in Figures D7 and D8. For both 
3-xylosidase I and II the assay was found to be linear both 
with respect to incubation period and to amount of enzyme. 
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Figure D7. Linearity of 3-xylosidase I assay. 
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Piqûre n8. Linearity of R-xylosidase II assay. 
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APPENDIX E. 
EXPERIMENTAL DATA 
Table %1. 
Effect of pH on stability at 65®C of 
g-xylosidase I 
pH 
3.5 4.0 4.5 5.5 
Incubation Act., Incubation Act., Incubation Act., Incubation Act., 
time, O/al time, U/ml time 0/ml time U/ml 
h h h h 
0 C. 1285 0 0.1209 0 0. 1331 0 0.0972 
0.5 0. 1025 4 0.1071 2 0.1270 0.5 0.0895 
1 0.0788 8 0. 1002 4 0.1256 1 0.0780 
2 0.0497 12 0.0964 8 0.1185 1.5 0.0689 
33 0.0321 24 0,0819 12 0.1125 2 0. 0604 
4 0.0214 30 0.0750 24 0. 1048 3 0.0497 
8 0.0099 48 0.0566 36 0.0842 4 0. 0406 
48 0.0750 8 0.0145 
Half-Life, h 
1.613 ± 0.093 46.45 ± 4.31 59.33 t 7.03 2.921 ± 0.132 
Table E2 
Effect of tempecatare on stability at pH 4.0 of 
3-xylosidase I 
Temperature, 
750 70® 550 62® 
Incubation Act., Incubation Act., Incubation 
time, 0/ml time, H/ml time. 
Bin min h 
0 0. 1652 0 0.1652 0 0. 1714 0 0.1876 
5 0.1079 5 0. 1614 0.083 0.1691 24 0.1438 
10 0.0788 30 0.1032 0.5 0. 1694 48 0.1289 
15 0.0516 60 0.0887 1.0 0. 1683 72 0.1111 
20 0.0321 90 0.0696 2 0.1675 96 0.0696 
25 0.0241 120 0.0462 3 0.1637 120 0.0539 
30 0.0126 180 0.0295 4 0.1576 145 0.0532 
40 0.0061 240 0.0218 8 0. 1557 168 0.058 
45 0.0034 12 0. 1385 192 0.0501 
60 0.0012 24 0.1182 216 0.0447 
30 0. 1021 240 0.0381 
36 0.0972 264 0.0373 
46 0.0849 
Act,, Incubation Act., 
0/ml time, D/ml 
h 
Half-Life, b 
0.132 ± 0.017 1.335 ± 0.195 44.42 ± 2.59 133.9 ± 22.6 
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APPENDIX F. 
CALCULATION OF THE CONFIDENCE INTERVALS OF THE 
MICHAELIS CONSTANTS AND HAXIHOH VELOCITIES 
The approximate 95% confidence intervals on the 
Michaelis constants were estimated from the 97.5% confidence 
limits on 1/V^ and K^/V^ obtained from the Lineweaver-Burk 
plot and Hanes plot by the method of least squares and the t 
distribution (Bevington, 1969). The justification for this 
calculation is based on the Bonferroni inequality and the in­
clusion principle given below (Miller, 1966; Hogg and Craig, 
1970). 
Bonferroni inequality: 
1 - Probability (1/Vjjj jgbo ± c) - Probability g, b^ ± e) 
< Probability (Wm e bo ± c, K^/V^ Eb^^ ± e) 
Inclusion principle: 
Probability (Km e(bi-e)/(bo+c), (b^^+e) / (bô-c) > Probability 
(VVmebo t c, Km/V^gbi ± e) , 
where b^, b^ are the estimates of l/Vm and obtained by 
the linear regression and c and e are their respective esti­
mated 97.5% confidence ranges using the t distribution. The 
confidence interval of Vj^ is 1/ • c) and 1/(bo - c), while 
the confidence interval of % ia (bj^ - e)/(bo • c) 
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and (b^ + e)/(bo - c). It should be pointed out that these 
are at least the 95% confidence intervals. 
An example of the calculations for the 95% confidence 
intervals for the maximum velocity and the Hichaelis con­
stant, for the hydrolysis of p-nitrophenyl-g-D-
xylopyranoside with immobilized g-xylosidase, using the esti­
mated values of the slope (1/%) and intercept Kin/% from the 
Hanes plot and their respective 97.5% confidence limits are 
shown below. 
bo = Wjn 
= 0. 20 32 
c = 0.0067 
b]_ = Km/Vm 
= 0.0570 
e = 0.0196 
Calculation of interval of 
(0.2032-0.0067) < l/V^ < (0.2032 • 0.0067) 
0.1965 < 1/Vm < 0.2099 
4.77 < Vm < 5.10 
Calculation of interval of 
(0.0570 - 0.0196) < Km/Vm > (0.0570 + 0.0196) 
0.0374 < Km/Vm. > 0.0766 
0.0374/0.2099 < Km < 0.0766/0.1965 
0.178 < Km < 0.390 
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APPENDIX G. 
CALCULATION OF TUB HICHAELIS CONSTANT AND 
MAXIMUM VELOCITY FOB SOLUBLE B-XÏLOSIDASE 
WITH XYLOBIOSE 
The calculatioa of the Michaelis constant and maximum 
velocity for the hydrolysis of xylobiose using the integrated 
Michaelis-Henten equation is presented below. Experiment 1 
corresponds to the 0.U1 mg/ml xylobiose concentration mixture 
and Experiment 2 corresponds to the 0.858 mg/ml mixture. 
Protein concentration in each mixture was estimated to be 
0.002 mg/ml. The slope and intercept values from Figures 38 
and 39 were equated to their respective expressions given 
below 
dG(Kx - 2Km) 
Intercept = ^ 
2K V X m 
Slope . Km'Kx + da(A. - ) 
" % 
The inhibition constant Kx was determined to be 5.3mM, and 
the extinction coefficients of xylose (B) and xylobiose (C) 
were determined from their respective calibration plots in 
Appendix D. 
B = 0.5372 
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C = 0.400 
= _2 
2B - C 
= 2.966 
The initial and final absorbance values JLQ and &«, were read 
from Figures 36 and 37. 
Experiment 1 d, the dilution factor, is equal to 
2f since 1 ml aliquots «ere used in the 2 ml assay mixture. 
Intercept = 17.93 ± 2.64 
Slope = 23.97 ± 2.47 
II 0.295 
= 0.660 
II 1.34mM 
II 0.081mH/min 
= 40.55 0/mg. 
Experiment 2 d is equal to 4 since 0.5 ml 
aliquots were used in the 2 ml assay mixture 
Intercept = 55.07 ± 2.41 
Slope = 37.05 ± 2.26 
Ao = 0.300 
Aoo ~ 0.672 
Km = 1.194mH 
% = 0.059mM/min 
= 28.50 U/mg. 
